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INSTITUTION NOTICES. 


NOTICES. 


The Institution as a body is not responsible for the statements of opinion 
expressed in any of its publications. 


Copyright.—Publication of abstracts of Papers and articles appearing in the 
Journal is permitted, provided that acknowledgment is made to the Institution 
of Petroleum Technologists. 


Papers and Articles.—The Council invites Papers and Articles both for reading 
at Ordinary Meetings of the Institution and for publication in the Journal. All 
Papers, whether for reading or publication, will be submitted to a referee appointed 
by the Publication Committee. 


The Institution has published a brochure “ Instructions for the Guidance of 
Authors ” containing details of recommended practice in the preparation of Papers 
for publication. Copies of this brochure will be supplied on request. 


Pre-Prints.—Advance proofs of Papers to be read at Ordinary Meetings are 
generally available about a week before the Meeting. Members wishing to be sup- 
plied with these pre-prints are requested to notify the Secretary. 


Abstracts.—Members and Journal Subscribers desirous of receiving the Abstracts 
printed on one side of the paper only, can be supplied with these at a charge of 10s. 
per annum per copy, payable in advance. 


Issue of Journal.— Members whose subscription is not in arrear receive the Journal 
free of cost. A member whose subscription is not paid by March 31st of the year 
for which it is due is considered to be in arrear. 


Changes of Address.—Members are requested to notify any change of address to 
the Secretary. 


Benevolent Fund.—The Benevolent Fund is intended to aid necessitous persons 
who are or have been members of the Institution, and their dependent relatives. 


The Fund is raised by voluntary annual subscriptions, donations, and bequests, 
and all contributions should be sent to the Secretary of the Institution at Aldine 
House, Bedford Street, London, W.C.2. The Fund is administered by the Council 
through the Benevolent Fund Committee, and all applications in connection therewith 
must be made on a special form which can be obtained from the Secretary of the 
Institution. 


Appointments Register.—A register of members requiring appointments is kept 
at the offices of the Institution, and every effort is made to assist members of the 
Institution in search of employment. 


Members who desire their names and qualifications to be included in this register 
are requested to apply to the Secretary for the Form of Application for Registration, 
if they have not already done so. Members residing in the London area are asked, 
if possible, to return this Form in person and make themselves known, together with 
their requirements, to the Secretary. It is also requested that members should notify 
the Secretary immediately they have obtained an appointment. 


In submitting names of candidates to prospective employers it is understood that 
the Institution accepts no responsibility and gives no guarantee. 


Library.—The Institution’s Library may be consulted between the hours of 
9.30 a.m. and 5 p.m. daily. (Saturdays, 9.30 a.m. to 12 noon.) 
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NEW MEMBERS. 


The following have been elected or transferred, subject to confirmation 
in accordance with By-Laws, Sect. IV, para. 14-15, since the last issue of 
the Journal : 


Members. 

BaY Le, Pierre eee wae _ an _— sins me ..» Trinidad. 
Davipson, George ... ai ea i ea ie wee ... Aruba. 
Evans, Charles Emlyn oe owe eee on ion ion .. Grays. 
Krevuten, Dirk Jan Willam aed ae Ate ae i ... Rotterdam. 
Watton, Joseph Gilbert... ios ae sigs “a noe .-» Guayaquil. 

Transfer to Members. 
Grey, Noel William aa ia aa seek a —_ ... Lobitos. 
Sore, Ernest John ... pom on wie ine a in ... Prahova. 


Associate Member. 
Lee, Hubert William Henry — ioe anes oes _ --- Cape Town. 


Student. 
PoorteEn, Arie Christiaan ter — wan wa are ia --» The Hague. 





NOMINATIONS FOR MEMBERSHIP. 


The following nominations for membership of the Institution of Petroleum 
Technologists were approved by the Election Committee on the 31st May, 
1935, and the application forms may be seen at the offices of the Institution. 

The names of the Proposer and Seconder are given in parentheses. 


As Members. 


ApirineTon, Reginald Ernest, Engineer, c/o Anglo-Persian Oil Co., Ltd., Abadan, 
Iran Gulf. (W.C. Mitchell; A. E. Dunstan.) 

Hvcu, Victor, Engineer, Str. Mecet No. 24, Bucarest, Rumania. (I. Edeleanu; P. R. 
Clark.) 


As Transfer to Member. 

Henry, John, Engineer, c/o Compania Petrolera Lobitos, Lobitos, Peru. (J. W. 
Burford; G. C. Maclaran.) 

Ase Associate Members. 


Muncaster, Thomas Woodthorpe, Engineer, Anglo-Persian Oil Co., Ltd., Abadan, 
Iran Gulf. (8. Nicol; A. Reid.) 

Perry, Robert George, Geologist, c/o Kern Trinidad Oilfield Ltd., P.O. Box 55, San 
Fernando, Trinidad, B.W.I. (M. A. ap Rhys Pryce; C. Capito.) 


As Student. 


Tiratsoo, Eric Neshan, Student, Royal School of Mines, South Kensington, S.W. 7. 
(V. C. Illing.) 
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INSTITUTION NOTICES. Vv 


APPLICATION FORMS FOR ADMISSION. 


The Council desire to direct the attention of members who Propose or 
Second an Application Form for admission to the Institution to the 
importance of sending a covering letter for the guidance of the Election 
Committee. 





PERSONAL NOTES OF MEMBERS AND SPECIAL NOTICES. 


It is suggested that members send information regarding their movements to 
the Secretary for insertion under this heading. 

F. L. Bassett is home from Iraq. 

A. E. O. Cooke has gone to Trinidad. 

NrELs MATHESON is on leave from Venezuela. 

T. G. Wess is home from Iran. 


Sir Jonn Capman, G.C.M.G., D.Sc., Dr. A. E. Dunstan, and Mr. J. 
KEewLey have been elected to the General Council of the British Standards 
Institution. 

Mr. E. A. Evans (Member of Council) will represent the Institution 
at the meetings of the International Electrotechnical Commission in Brussels 
on June 22-27, 1935. 

The Secretary would be glad to learn of the addresses of the following 
members: J. M. Brown, M. Jawap JaFar, J. Ceci. Jones, P. B. M. 
Liston, A. MacLean, W. J. Reynotps, W. McKecxnie Rosson, K. A. 
SPEARING, and A. C. VIVIAN. 





SUMMER MEETING. 


The Summer Meeting of the Institution will be held on Friday, 21st 
June, at the Royal Society of Arts, John Street, Adelphi, W.C.2. The 
Reports on the Progress of Naphthology, published in the May and June 
issues of the Journal, will be presented for discussion. 


Programme. 


Morning Session: 10.30 a.m. to 12.30 p.m. Chemical and Refining 
Section. Chairman: Dr. A. E. Dunstan, D.Sc. 


Afternoon Session : 2.30 p.m. to 4.30 p.m. Geological and Production 
Section. Chairman: T. Dewhurst, Esq., A.R.C.Sc. 


It is particularly hoped that overseas members of the Institution who 
are at present on leave in this country will endeavour to attend the 
Summer Meeting. 
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JUBILEE BANQUET. 


As previously announced, the Jubilee Banquet of the Institution is to 
be held at the Park Lane Hotel, Piccadilly, W. 1, on Friday, 21st June. 


The Institution will be honoured by the presence of many distinguished 
guests, among whom we welcome : 


Hon. R. G. Menzies, Attorney-General, Commonwealth of Australia. 

Mr. Ernest Brown, M.P., Minister of Labour. 

Sir William Bragg, O.M., F.R.S. 

Air-Marshal Sir Hugh Dowding. 

Sir Frank E. Smith, Secretary, Department of Scientific and Industria] 
Research. 


The Jubilee Banquet also marks the Coming-of-Age of the Institution. 
Ladies are invited. 
The President and Lady Cadman will receive members and their guests 
from 7.0 to 7.30 p.m. 
ARTHUR W. EASTLAKE. 


Honorary Secretary. 





RUMANIAN BRANCH. 


On May l4th Dr. E. Casimir presented a paper before the Rumanian 
Branch on “ Synthetic Liquid Fuels.” The meeting was attended by 
nearly 70 members and friends. After the meeting an adjournment was 
made for Dinner at the Piccadilly Restaurant, Ploesti, and the discussion 
continued round the dining-table. This innovation proved extremely 
successful. 


A similar procedure was followed on 2lst May after a paper by Mr. 
A. I. Budorovici on “ Present and Future Activities of Petroleum Syndicates.” 
The paper dealt with the question of collective government of oil-fields by 
the producers themselves, and created very considerable interest. 


TRINIDAD BRANCH. 


The 44th General Meeting of the Trinidad Branch was held at the Apex 
Club, Fyzabad, on the 24th March, 1935, Commander H. V. Lavington, 
R.N., Branch Chairman, presided. 


Mr. G. W. Halse (Member) read a paper entitled “‘ Notes on the Geology of 
South Trinidad, with special reference to Palo Seco.” 

After the discussion the chairman closed the meeting by proposing a 
vote of thanks to the Author, and to the President and Members of the 
Apex Club for the use of their room. Forty members and guests were 
present. 
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INSTITUTION NOTICES. 


IRANIAN BRANCH. 


Four important and successful Meetings of the Iranian Branch have 
recently been held, of which particulars are given below : 


On Saturday, 9th February, 1935, Mr. E. Thornton, B.Sc., A.LC., of 
Llandarey, South Wales, gave an interesting account of “ Wax Extraction 
and Refining.” Mr. Thornton reviewed the experimental work which had 
been done at Llandarcy and the gradual development of plant to overcome 
their peculiar difficulties. This Meeting was thrown open to the general 
public, and about 130 members and their friends were present. 


On Wednesday, 13th February, 1935, Mr. S. W. Adey, A.R.C.Sc., B.Sc., 
A.L.C., presented a paper on ‘‘ Some Factors in the Design and Plant for 
High Temperatures and Pressures.” 


Mr. Adey, by way of introduction, said that a number of industrial 
processes are now using high temperatures and pressures simultaneously, 
thus creating problems the solution of which is hampered by the limitations 
of our metallurgical knowledge. He went on to describe briefly the 
behaviour of steels of various kinds under tensile stress at normal tem- 
peratures, and from this to discuss the subject of “Creep” and its nature. 
Whilst available data on the subject were scanty, three methods of deter- 
mining the strength of steels at high temperatures were employed and had 
met with some success : 


(a) Use of an average “creep” rate, obtained from short time— 
but preferably from long time—tests. 

(b) Use of the proportional limit. 

(c) Use of the time yield. 


Discussing these three methods Mr. Adey pointed out that : 


(a) might not be accurate, since creep was rapid at first, but the method 
gave a margin of safety. 
and 


(6) and (c) had the advantage of requiring only short time tests. 


Bailey in England had done much work on the interpretation of creep 
data, but his methods had not as yet come into general use, as they gave 
higher permissible working stresses than were known with certainty, where a 
fracture might prove disastrous. Various stress equations of the elastic 
theory were then discussed. 


An interesting discussion took place on the Paper. 


A cognate subject was discussed on Wednesday, 27th February, 1935, 
when Mr. J. A. McCash, B.Sc. (Eng.), presented a paper on the “ Deformation 
of Steels under Stress.” 


After a general introduction dealing with the metallurgical factors 
influencing deformation, Mr. McCash discussed the question of permissible 
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creep stresses in the design of plant, and the effect of additions of molyb. 
denum on the limiting creep stress. 


On Saturday, 30th March, 1935, Mr. J. L. Le Mesurier, M.I.N.A 
M.Inst.Mar.Eng., gave an extremely interesting Lantern Lecture on the 
‘“ Development of the Diesel Engine.” 


This meeting was also open to the public and over 100 people were 
present. 


“STANDARD METHODS FOR TESTING PETROLEUM AND ITs 
PRODUCTS.” 


The third edition of the Institution’s handbeok on the methods for 
testing petroleum and its products has just been published. Since the 
publication of the second edition in 1929 the Chemical Standardization 
Committee has been actively engaged in consideration of the existing 
methods and in the investigation of new methods for specific tests. The 
results of this work are incorporated in the new edition, which contains 
nearly 100 pages more than the previous book. Among the new tests are 
those for Greases (Ash, Consistency, Drop Point, Free Alkali and Acid), 
Knock-Rating, Existent and Potential Gum in Motor Fuels, Cold Test of 
Motor Fuels, Dilution of Crankcase Oil, Vapour Pressure, Tests for Liquid 
Asphaltic Bitumen, and Viscosity in Kinematic Units. 

The opportunity has been taken to rearrange the various tests in alpha- 
betical order in preference to classification under products, in order to 
avoid the large amount of cross referencing under the old system. 

A new section has been included for ‘“* Tentative ” methods and contains 


details of tests which are required but regarding which further experience 
is necessary before they can be considered as “ Standard.”’ 

Copies of the book, which is bound in cloth, can be obtained from the 
offices of the Institution, price 7s. 6d. (To Members of the Institution, 
5s. Od.) Postage 6d. extra. 
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CHEMISTRY PETROLEUM. 


By D. A. Howes, Ph.D., B.Sc. (Associate Member). 


OF 


CRUDE PETROLEUM. 


DurtneG the past year further information regarding the compositions 
f crude petroleum has been published. Brooks! has considered the 
chemical evidence in favour of a low-temperature history for crude oils, 
und has presented data concerning the composition of varieties of such 
ils. He concludes that “organic materials as stable as the paraffins, 
the waxes such as the Montan waxes, Kerogen and the resins, once formed 
und sealed in the sedimentary rocks, undergo no further chemical change 
whatever under the conditions of temperature and pressure existing in 
sedimentary rocks even of great geological age and depth.” 

The transformation of petroleum in Nature has been considered by 
Barton ? with particular reference to the theory that proto-petroleum is 
paraffinic and that asphalt-base petroleums are later phases in the evolu- 
tionary transformation of the original substance. Barton produces 
evidence to disprove this popular theory. 

The general constituents of Japanese petroleums from Kogachi and 
\sahi boiling above 200° C. have been described. By comparing the 
data obtained on narrow boiling fractions with known values for naphthene, 
polynaphthene and paraffin constituents the following compounds were 
recognized : Cy 9H 49, Cyg3H 4, Cy7H 9, CygHog, CysHg9 and CygH3<. 

Similar investigations have been carried out on Moreni and Arbanasi 
petroleums, the first of which was of low paraffin and high asphalt content 
and the latter of high paraffin and low asphalt content.‘ Distillations 
were carried out at ordinary pressure and also under a vacuum of 0-2 mg. 
Hg ; and the conclusion has been reached that olefines in vacuum distillation 
fractions were not formed by decomposition, but were pre-existent in the 
petroleum. 

The characteristics of Ural-—Emba crude oils have been reported as 
follows : 5 Sp. gr., 08751 to 0-8936; Viscosity, 2-32 to 5-14/E,,; Resins, 
3-6 to 479%; Kerosine, 8-3 to 17-25%; Gasoline, 0-3 to 0-6%; Heavy 
Naphtha, 0-5 to 0-87%; Gas Oil, 1:13 to 11-2%; Bottoms, 68-55 to 
4. Rumanian petroleums have been classified according to geological 
depth, and those of Dacian and Meotic age have been analysed by Casinier.® 
Moreni petroleum has a sp. gr. of 0-845 to 0-925. The Dacian crude is 
either quite paraffin-free or contains only very small quantities. The 
exception is a crude oil from Bana on the north flank of the anticline, the 
paraffin content of which is about 1 per cent. The Meotic crude is rich 
in paraffin, the latter increasing with the depth of the oil-bearing strata. 
The asphalt content generally decreases with the depth, as does also the 
content of sulphur and naphthenic acids. The Dacian crude is richer in 
naphthenic acids than the Meotic. The Dacian crude oil from Gros is 
naphthenic and aromatic, whilst the Meotic is rich in methane. The 
HH 
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Dacian crude from the north flank has a higher paraffin content than that 
from the south flank. The Dacian crude from the Ochiuri region has a low 
content of paraffin (0-4 to0-6 percent.) and of hardasphalt, hasa high viscosity. 
and is rich in naphthenic acids. Its low content of aromatic hydrocarbons 
makes it quite different from most of the other Rumanian crude oils. 

The analyses of three Michigan crudes have been given by Cromwell.’ 


GAS, 


Observations by Hammerschmidt * have shown that water vapour 
reacts with the gaseous paraffins and olefines to give solid compounds 
resembling snow or ice in appearance, which have the composition of 
hydrates. With the particular natural gas investigated, the relationship 
between pressure and melting point of the gas hydrate was found to be 
Y = X °*%, 8-9 where Y = temperature ° F. and X = abs. pressure |b. /sq 
in. The variation in melting point of the mixed hydrates ranged from 
34° F. at 110 Ib./sq. in. to 60° F. at 800 Ib./sq. in. Secondary causes of 
hydrate formation are high velocities in the gas stream, pressure pulsations 
and inoculation with a small crystal of the hydrate. 

The formation of gum deposits in gas distributing systems has been 
considered by Jordan, Ward, and Fulweiler,® because of trouble with gas 
pilot stoppages and malfunctioning of thermostats with automatic gas 
appliances. A sample of gum taken from a gas meter was a dark brown 
amorphous powder, soluble in many organic solvents, especially oxygen- 
containing solvents, and was precipitated by acids from alkaline solutions 
The oxides of nitrogen present ranged from zero to several grains /10 
cu. ft., and these were found in all types of manufactured gas. Decom- 
position by heat of the gum gave a gaseous product containing nitri 
oxide, very little nitrogen peroxide, 5 per cent. of nitrogen, methane, 
hydrogen, carbon dioxide, carbon monoxide, 20 per cent. of oxygen and 
volatile amines. A liquid product, amounting to 1 per cent. by weight 
of the gum decomposed, contained hydrocarbons, phenols and bases, ¢.¢., 
cyclopentadiene, indene and aromatic and naphthalene derivatives. 

When nitric oxide is present in the gas in a concentration of the order 
of 0-000005 per cent. by volume or less, gum is not formed. 

The chemistry of the Thylox gas purification process has been described 
by Gollmar.” 


GASOLINE. 


Laduizhnikova ' has reported on the corrosion of metals by gasolines 
and kerosines containing sulphur, and has mentioned the catalytic influence 
of oxidized unsaturated hydrocarbons on corrosive effect. Kerosine 
saturated with water was found to attack metals in a more severe manner 
than dry kerosine. The corrosion of metals by phenols has also been 
described.” 

The presence of peroxides in gasoline continues to receive attention. 
Results obtained by Morrell, Dryer, Lowry, and Egloff * indicate that 
peroxides are the first products consequent upon the deterioration of 
cracked gasoline, and form at different rates in different gasolines, and in 
any one gasoline they form at an increasing rate. As the peroxide content 





increase 
an inhi 
tendenc 
is attril 
hydroce 
resistal 
The 
the mal 
has bee 
of benz 
hydrocs 
s-hepte 
saturat 
und Ki 
of benz 
obtaine 
from 7 
per cel 
suitable 
and ca 
compos 
enough 


The 
subject 
creases 
height 
the sm 
whilst ' 
height 
the fla 
of divi 
heavy 
which 
com pos 


The 
isolatic 
has be 
carcinc 
ete., in 
meriza’ 
carcinc 
base ul 
in the 

The 
lubrica 


Frolick 


an that 
iS a low 
sCOsity 
‘al bons 


vell.? 


vapour 
ounds 
ion of 
onship 
to be 
lb 8q 
from 
isSes of 


ations 


been 
th gas 
ic gas 
brown 
‘ygen- 
tions 
is /100 
PCOMm- 
nitric 
hane 
1 and 
eight 


» eg 
order 


ribed 


lines 
ence 
sine 
nner 
been 


bion. 
that 
1 of 
d in 
tent 


CHEMISTRY OF PETROLEUM. 


increases 80 does the copper dish gum, whether measured with or without 
an inhibitor, octane number and induction period being reduced. The 
tendency of cracked gasolines to react with oxygen and form peroxides 
is attributable in part to conjugated diolefines and in part to other olefinic 
hydrocarbons. Removal of both produces a product which is extremely 
resistant to oxidation. 

The chemical composition of a gasoline obtained as a by-product in 
the manufacture of “ blau-gas ” by cracking crude oil in the vapour phase 
has been described.44 The 20-150° fraction was found to consist mainly 
f benzene, toluene and xylene, unsaturateds were represented by aliphatic 
hydrocarbons with the double bonds in the «, 8, and y positions; thus 
i-heptene, y-hexene and a- and y-octene were traced. Branched un- 
aturateds were found mainly in the higher-boiling fractions. Candea 
nd Kiihn }® have described experiments on the thermal decomposition 
f benzine and kerosine at temperatures up to 700° C. In the liquid 
ibtained from benzine, the unsaturateds increased with rise in temperature 
from 7 to 36-5 per cent. at 550° C., the aromatics rising from 10 to 15-5 
yr cent. Above 600° C. practically no liquid was produced. With a 
suitable catalyst, e.g. a mixture of oxides of iron, nickel, manganese 
ud calcium, and with a sufficiently long time of contact, complete de- 
omposition to carbon and hydrogen may occur if the temperature is high 
enough. 

KEROSINE. 


The chemical significance of the tendency to smoke of kerosines is the 
subject of a paper by Minchin.'® The flame height of the paraffins de- 
eases for increase in molecular weight, but in other series the flame 
height increases. The total weight of carbon particles in a paraffin flame at 
the smoke point is therefore much greater than in an aromatic flame, 
whilst the particles themselves are smaller. It is concluded that the flame 
height is intimately related to the way in which the fuel breaks down in 
the flame, and more particularly to the carbon cloud produced, its state 
if division, electrical charge, concentration, etc. Highly unsaturated or 
heavy kerosines break down when burning, giving a crust on the wick 
which gives a larger flame height than would be expected from the chemical 
composition. 


LUBRICATING OILS. 


The work being conducted under the auspices of the A.P.I. on the 
isolation and identification of the hydrocarbons present in lubricating oils 
has been described.!?7 A report has been presented concerning the non- 
carcinogenicity of synthetic lubricating oils and commercial spindle oils, 
ete., in which it has been shown that synthetic oils obtained by the poly- 
merization of ethylene in the presence of aluminium chloride exhibit no 
carcinogenic properties. In the case of a sulphur—dioxide treated paraffin- 
base unrefined spindle oil, the carcinogenic constituents were concentrated 
in the sulphur dioxide extracts, particularly the second extract.!® 

The effect of paraflow on wax crystallization and the pour point of 
lubricating oils has been described in a paper by Zimmer, Davis, and 
Frolich.% The effect of small amounts of wax in causing lubricating 
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oils to congeal at relatively high temperatures is shown to be twofold, 
(a) interlocking wax crystals preventing the free flow of the oil; and () 
the retention of adsorbed oil by the wax causing the mixture to set to a 
type of gel. The action of paraflow consists in its adsorption on the surface 
of the wax particles, whereby the size of the larger crystals is reduced and 
their growth inhibited. Moreover, the wax loses its attraction for and its 
ability to absorb oil, thereby preventing the formation of an oil—wax gel. 

The oxidation products of lubricating oils maintained at a temperature 
of about 155° C. have been considered.” It is concluded that the action 
of oxygen at this temperature is one of oxidation; asphalt is not formed 
the deposits obtained from transformers contain only acids and metalli 
soaps; and asphaltic substances are formed only at elevated temperatures 
by processes of polymerization and condensation. The acids isolated were 
considered to be cyclic saturated acids having a carbonyl group, in which 
the other atoms of oxygen are not present in alcohol, aldehyde, ketone 
or lactone groupings, but probably .in the ring structure. The oiliness 
and surface tensions of lubricating oils have been measured by various 
methods by Andreev *! and by Chernozhukov. 


PARAFFIN WAX, 


Paraffin waxes of different origins have been treated with nitric acid 
at 125-130° C. and a tertiary nitro-compound C,,H,,NO, and secondary 
and dinitro-compounds C,,H,,(NO,), have been isolated. It has been 
suggested that the formation of such bodies indicates the presence of normal 
and isoparaffins containing tertiary hydrogen.” 

Yannaquis * has fractionated a white paraffin wax from Pechelbronn 
by distillation in a cathode vacuum, and shown that paraffin wax crystal- 
lizes in two ways. One form is triclinic, and appears as separate crystals 
or as a network. The more symmetrical form is monoclinic, and consists 
of open-chain paraffins with short branches, while the triclinic form is 
probably composed of saturated cyclic hydrocarbons with long chains 
Both forms of crystals were shown to have transition points, e.g. from 
uniaxial to biaxial forms. The transition points of the wax fractions were 
12-14° C. below the melting points. 

Similar conclusions have been reached by Miiller and Pilat *> regarding 
some fractions of wax extracted from petroleum asphalts. These authors 
have also obtained evidence that cyclic hydrocarbons are present in waxes. 

A survey of the progress made in the production of synthetic waxes has 
recently appeared.*® 


NAPHTHENIC ACIDS. 


Kisselev and Norina have studied the manufacture of paint driers 
from naphthenic acids, the metallic constituents being cobalt, manganese, 
lead, and calcium. The naphthenates were prepared by precipitation of 
a 5 per cent. solution of alkali naphthenate with a 10 per cent. solution of 
the metallic salt at 60° C. Acid salts are more soluble in oil than basic 
or neutral salts, which also have a pronounced tendency to precipitate 
from extracts in oil. The products vary markedly with the nature of the 
naphthenic acid preparation used as raw material, but in all cases the 
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naphthenates should be dissolved in spirit varnish as soon as possible 
after preparation. The metallic naphthenates are in no way inferior to 
resinates and lineoleates as regards speed of drying. 

Pyhala 2? has summarized his work on naphthenic acids as follows :— 


(1) The proportion of naphthenic acids in different crudes varies 
with their origin. 

(2) Besides naphthenic acids, crude oil distillates contain other 
organic acids with their accessory unsaturated hydrocarbons. Sulphur 
dioxide is often obtained during distillation, which indicates that this 
substance also takes part in the formation of complexes containing 
naphthenic acids. 

(3) According to the manner of distillation, Emba crude oil gives 
distillates that contain either a low or a high proportion of naphthenic 
acids; the more severe distillation conditions favour the formation of 
these acids. 

(4) The formation of naphthenic acids and their complexes cannot 
be explained by the mineral theory of the formation of petroleum. 


The use of naphthenic acids and petroleum emulsions as insecticides 
has been described.?® 


SuLPHUR COMPOUNDS. 


It has been shown that thiophene and its homologues may be synthesized 
from conjugated diolefines and elementary sulphur, the yields ranging 
from 6 to 50 per cent. Isoprene gives 3-methylthiophene and dimethy]- 
butadiene gives 3 : 4-dimethylthiophene.” 

Sereda ® has described a test for $-sulphonic acids in which the acid 
forms a coloured compound when added to a solution of ferric chloride 
in ether, chloroform and methanol. 

An intense blue compound is obtained with an ethereal solution of the 
iron salt, the pg value of which can be determined. By such means it is 
possible to detect the presence of a sulphonic acid at a dilution of 1 in 
5000. The presence of naphthenic acids or « and y sulphonic acids does 
not interfere with the reaction. 

The removal of thiophene from benzine by treatment with aluminium 
hloride at 25-35° C. has been described.*! 


RESINS. 


Look * has dealt with the preparation of synthetic resins from petroleum 
waste materials. Resin-forming bodies are believed to be conjugated 
unsaturated hydrocarbons such as isoprene, dimethylhexadiene and cyclo- 
hexadiene, which resinify in air. The method of preparing a resin was as 
follows: A vapour-phase distillate was acid treated, neutralized and 
distilled to a 15-18 per cent. bottoms. This was distilled without steam 
to remove solid impurities, and by heating with cresylic acid and form- 
aldehyde in the presence of ammonia an amber-coloured resin was produced. 
The process may be applied to any refinery product of high unsaturated 
content ; wax-tailings give a clear but dark-coloured resin of higher tensile 
strength than that obtained from vapour-phase distillates. 





PROGRESS OF NAPHTHOLOGY, 1934. 


HYDROCARBONS. 


Ivanovszky * has determined the melting points, densities, refractive 
indices and molecular volumes of a number of high molecular paraffin 
hydrocarbons. No linear relationship exists between the melting point, 
refractive index and density, but the molecular volume is related to the 
number of carbon atoms in the molecule by an equation of the first degree 
The separation of normal paraffins from straight-run gasolines by chloro-sul. 
phonic acid treatment has been described by Virobyantz and Gabrielyantz,™ 
who were able by this means to isolate n-hexane, n-nonane and n-decane 
from a Maikop gasoline, and n-heptane and n-octane from a Grosny gasoline. 
Virobyantz has also described the separation of aromatic hydrocarbons 
from straight-run gasolines and kerosines by the distillation of acid tars 
with superheated steam.*® The purification of aromatic hydrocarbons 
has also been considered.*6 Mair and Schicktanz*’? have described the 
isolation of mesitylene, )-cumene and hemi-mellithene from an Oklahoma 
petroleum. Suitable distillates were extracted with liquid sulphur dioxide 
at — 35 to — 50 per cent., and alternative methods of selective sulphonation, 
crystallization of the sulphonic acids, and hydrolysis were also examined. 

Naphthalene has been isolated from Baku kerosine distillation residues,* 
whilst the separation of 1- and 2-methyl naphthalene has been effected by 
Morgan and Coulson by fractional crystallization of the picrates.® 

The crude oil of Hadouin has been found to contain the following hydro. 
carbons: benzene, cyclopentane, methyl cyclopentane, n-hexane, cyclo. 
hexane, dimethylceyclopentane, n-heptane, methyleyclohexane, xylene, 
mesitylene, naphthalene, 1 : 3-dimethyleyclohexane, 1 : 3 : 5-trimethyl- 
cyclohexane, tricyclodecane and adamantine. The latter compound was 
found only in the insoluble portion after SO, extraction; it had an odour 
of camphor and turpentine oils and sublimed easily.” 

Tribenzylmethane has been synthesized by several methods, its formula 
established, and shown to be identical with the so-called “ hexabenzy| 
ethane’ of Schmerda and Trotman.*! Hexamethylethane has been 
synthesized by adding magnesium to a refluxing ether solution of tert.- 
butyl chloride,” acetylenes have been prepared by dehydrohalogenating 
certain organic halides with sodium in liquid ammonia,” whilst the pre- 
paration of the diamylenes 3: 5: 5-trimethylheptene-2 and 3:4: 5:5. 
tetramethylhexene-2 by the action of 75 per cent. sulphuric acid at 80° C. 
on methyl isopropyl carbinol has also been described.“ 

B. T. Brooks ** has contributed to our knowledge on the action of sul- 
phuric acid on propylene and the pentenes. 90-92 per cent. sulphuric 
acid reacts with propylene to give isopropyl alcohol. A small amount 
(0-2 per cent.) of a hexyl alcohol is obtained, but no normal propyl alcohol. 
Pentene-1, with 85 per cent. acid containing 1 per cent. hydrogen peroxide 
and some benzoyl peroxide, gives only pentanol-2. Pentene-2 with 80 
per cent. acid yields approximately 70 per cent. pentanol-2 and 30 per 
cent. of pentanol-3. The action of aluminium chloride on benzene and 
cyclohexane has been studied by Ipatiev and Komarewsky,** who have 
shown that benzine reacts with the former in the presence of hydrogen 
chloride at 125° C. to give small quantities of ethyl benzene and diphenyl. 
cycloHexane at 150° C. under similar conditions reacts to a much larger 
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extent, among the products being methyleyclopentane, dimethyleyclo- 
hexane, dicyclohexyl and dimethyl dicyclopentyl and a small amount of 
gas. The action of silent electric discharges on hydrocarbons and oils 
has also been reviewed.*? 

The addition of the halogens and halogen acids to olefines has received 
attention by numerous investigators, **: *- ® 51, and the reactions between 
olefines and sulphur dioxide * and hydrogen sulphide ® have also been 
studied. 

POLYMERIZATION. 


This subject continues to grow in popularity. The kinetics of ethylene 
polymerization have been studied by Storch.“ The products obtained at 
350-400° C. included propylene, butylene, pentenes, hexenes and higher 
olefines. The main constituents were propylene and butylene, the latter 
being the primary product, whilst the formation of propylene is secondary. 
Polymerization proceeds at a faster rate in the presence of a trace of oxygen. 
Thus the presence of 1 mol. of oxygen caused about 85 additional moles 
of ethylene to polymerize. 

The polymerization of olefines as a means for the production of liquid 
motor ‘fuels has been reported on. Bowen and Nash * have quoted 
results using aluminium chloride catalyst, Dunstan, Hague, and Wheeler ** 
have discussed the thermal polymerization of the olefines present in cracked 
gases, and Ivanov 5? has described the thermal polymerization products 
of ethylene concentrates. The polymerization of cyclopentadiene into its 
dimeride has been studied by Barrett and Burrage.** 

The mechanism of the polymerization of olefines by acid catalysts has 
been considered in some detail by Whitmore,® who has stated that in each 
case the first step is the addition of a hydrogen ion (proton) to the extra 
electron pair in the double bond. One carbon is left with only six electrons, 
and is thus positively charged, and can undergo the changes which are 
characteristic of an atom with a deficiency of electrons. The theory 
expounded is applied to the case of isobutylene. 

The polymerization of acetylene continues to receive attention. Mund @ 
has considered the inert gas effect in radiochemical polymerization, whilst 
Livingston and Schiflett ®' have reported on the formation of benzene 
by photochemical polymerization of acetylene at high temperatures. 

The phenomenon of polymerization is also important in the acid refining 
of cracked distillates, as shown by the recent work of Morrell and Egloff, 
who have investigated the effect of many variables in conventional acid 
treating. ® 

The polymerization of the isomeric pentenes by aluminium chloride 
has been described by Waterman et al.,® whilst further papers on the pro- 
duction of synthetic lubricating oils by the polymerization of ethylene have 
appeared... os 

PYROLYSIS AND CRACKING. 

Dintzes ®* has reported on the kinetics and mechanism of hydrocarbon 
decomposition, and Sydnor *’ has considered the fundamental variables 
involved in mixed-phase cracking. An important review of the literature 
with particular reference to the primary decomposition reactions of saturated 
hydrocarbons has been presented by Frey,®* and Burwell ® has studied 
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the decomposition of saturated hydrocarbons under oxidizing conditions 
at low temperatures. 

The pyrolysis of butane has received particular attention. Hurd ™. 7 
has described the products obtained at both very low and high decom. 
position temperatures, whilst Cambron and Bayley ™ have studied the 
pyrolysis of this hydrocarbon from a rather more practical viewpoint in 
connection with their very detailed and valuable work on propane. 

Hurd and Eilers * have described the pyrolysis reactions of isobutylene, 
diisobutylene, ethylene, propylene and 2-pentene in tubes of different 
materials, whilst Hurd and Bollman “ have considered the pyrolysis of 
the allyl toluenes, and Klatt 7° has described results obtained in the pyrolysis 
of acetylene and ethylene. Rearrangements taking place during the 
pyrolysis of the butenes have also been considered.** The industrial 
aspects of pyrolysis of naturally-occurring gases and cracked gas have 
also been described, particularly by Cadman 7? and by Dunstan, Hague, 
and Wheeler.** The production of styrene and indene from Iranian 
natural gas by pyrolysis has been described.” 

The pyrolytic reactions of ethane have been examined by Travers and 
Pearce,” and the thermal decomposition of rubber in the presence of 
aluminium chloride has been described.*! 


HYDROGENATION. 


Laidler and Szayna “ have submitted phenyl octadecane to destructive 
hydrogenation in the presence of a molybdenum sulphide catalyst at 440- 
490° C. Under these conditions the order of decreasing thermal stability 
is as follows :—benzene, toluene, phenyl-octadecane, and octadecane. At 
440° C. phenyl octadecane splits off its side-chain, yielding a small amount 
of gas and mainly liquids composed of benzene and its homologues and of 
paraffin hydrocarbons. Naphthenes and unsaturateds are formed to 
slight extents. The phenyl group is hydrogenated with difficulty. At 
higher temperatures the hydrocarbon molecule is broken, and at 490° C. 
two-thirds is converted to gas; aromatics are concentrated in the liquid 
produets. 

Nickel and other hydrogenation catalysts have been examined by 
Szayna * in the hydrogenation of various hydrocarbons and oil fractions, 
and the advantages of hydrogenation as opposed to cracking enumerated. 

Hall * has discussed the destructive hydrogenation of the naphthols, 
and Schmeling ** has reported on the influence of solvents in the hydro- 
genation of Montan wax. 

n-Octadecane and high-boiling paraffins have also been subjected to 
hydrogenation.*® A study of the reaction products suggests that in the 
initial stage, normal straight-chain paraffins undergo simple decomposition, 
each break in the chain affording an opportunity for a further stage of 
decomposition. The initial reaction thus gives an approximately equi- 
molecular mixture of homologues and short-chain hydrocarbons. In the 
subsequent phase, a similar type of decomposition takes place in the 
products from the first stage, the larger molecules, due to their thermal 
resistance, undergoing a greater degree of decomposition than the compounds 
of low molecular weight. 
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The reactions involved in the hydrogenation of coal-tars have also been 
discussed, and various pure compounds, representative of those present 








in tars, have been hydrogenated in the presence of molybdenum catalysts 
it 400-500° C. in order to investigate the reactions involved.8? The 
hydrogenation of coal has been discussed from the chemical standpoint.** 
‘An exhaustive comparison, both technical and economic, of cracking 
and hydrogenation as methods of producing gasoline has been presented, 
in which it has been shown that low-temperature hydrogenation is attractive 
when the price of gasoline is high.*® 

The catalytic hydrogenation of: petroleum oils has also been discussed 
in the light of thermodynamic data by Sweeny and Voorhees. 


COMBUSTION AND OXIDATION. 


The mechanism of anti-knock agents is still a fruitful field for research, 
but no great progress has been made in the year under review. 

Coffey, and Birchall,*! using a modified Moore §8.1.T. apparatus, have 
shown that spirits possess two spontaneous ignition zones. With a standard 
spirit, ignition took place at 320-335° C., ceased between 335 and 420° C., 
und from 420° C. upwards was continuous. Addition of anti-knock 
substances in increasing amounts gradually narrows down the lower 
ignition zone until it finally disappears, whereas addition of a pro-knock 
makes the lower ignition zone more extensive. Townend and Cohen 
have studied the effect of pressure on 8.1.T. and shown that in the lower 
temperature zone there are two types of ignition: (a) one, manifest by 
slow travelling bluish flames (“‘ coal flames’), which result in small but 
fairly rapid pressure development, the gaseous products being rich in 
intermediate products strongly aldehydic in character; (6) true ignition, 
manifest by brilliant white-light emission accompanied by much greater 
pressure development and explosion products practically free from inter- 
mediate oxygenated bodies. 

True ignition in the lower temperature zone is unusual at atmospheric 
pressure, but increase of pressure soon leads to development of true 
ignition. 

The effect of pressure on the 8.1.T. of hydrocarbons has also been re- 
ported on by Neumann and Estrovich * and by Coward.™ A notable 
contribution is one by Coward dealing with the work of the late H. B. 
Dixon. Dykstra and Edgar * have also noticed the two types of ignition 
obtainable with the same fuel, in experiments with the octanes. The effect 
of lubricating oil on the 8.1.T. of motor fuels has been reported on,*? and 
water, in amounts above 5 mm. vapour pressure, has been shown slightly 
to raise the ignition temperatures of methane—air mixtures.*® 

Diethyl peroxide has been found to be a violent pro-knock rather more 
potent than amyl nitrite in the same concentration, its knocking action 
being inhibited by tetra-ethyl lead. Ethyl hydrogen peroxide has also 
been shown to be definitely a pro-knock compound, and in spite of its 
ease of thermal decomposition, 30 per cent. hydrogen peroxide also shows 
slight but definite pro-knock tendencies.” 

Rice has suggested that with hydrocarbon mixtures a preliminary 
decomposition into lower hydrocarbons takes place, resulting from the 
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thermal effect and from attack on the hydrocarbons by molecular fragments, 
and proposes that a relationship exists between knock rating and ease of 
thermal decomposition. The explosion of combustible gases with air by 
nuclear drops of water and other nuclei has been discussed by King.! 

The extents to which the knock ratings of various gasolines are improved 
by the addition of tetra-ethyl lead have been measured by Endo, and the 
observation has been made that the higher sulphur compounds prevent 
tetra-ethyl lead from exerting its full effect. Boerlage and Van Dyck 
have discussed the causes of detonation in gasoline and Diesel engines, and 
are of the opinion that the causes are the same in both cases. Lovell, 
Campbell, and Boyd ™ 25 have made further valuable contributions to 
our knowledge of the knock ratings of pure hydrocarbons, and Schmidt ™ 
has discussed the relationship between chemical constitution and 
knocking characteristics. 

David '? has considered the measurement of flame temperatures, and 
shown that the commonly used methods of calculation are unreliable, 
whilst the decomposition of lead tetra-ethyl '*® and lead tetra-pheny! 
has been reported on. 

With regard to the oxidation of hydrocarbons, several contributions 
have been made. Frear '!° has studied the nature of the methane—oxygen 
reaction, using a flow method, and paid particular attention to yields of 
intermediate and final products when contact time, pressure and surface 
were varied. The liquid products from the slow combustion of propane 
have been examined and organic peroxides, aldehydes and alcohols have 
been estimated.44 Beatty and Edgar '™ have reported at length on the 
oxidation of n-heptane as a function of temperature, the chemiluminescence 
of n-heptane and the relative oxidizability of n-heptane, 1-heptene, 3- 
heptene and n-heptane-isooctane mixtures. 

Laboratory and semi-commercial work on the oxidation of the lower 
paraffins at 135 atmospheres and 300-500° C. has been described. 
Oxidation of methane at relatively high temperatures results in the pro- 
duction of some methanol, whilst ethane produces methanol as the main 
product and propane gives a large number of oxy-compounds. In general, 
metallic catalysts such as calcium, chromel, silver and aluminium are 
effective. 

Klatt '™* has also reported work on the oxidation of petroleum oils by 
means of air, whilst the production of fatty acids by the electrolytic oxida- 
tion of petroleum hydrocarbons has been described.4> Oxidation under 
pressure has been suggested as a method for the measurement of transformer 
oil stability.1"6 

The ozonolysis of aliphatic olefines has been applied in a method for the 
determination of the olefines produced by dehydration of alcohols by 
Church, Whitmore, and McGrew,!"7 and it has been shown that the poly- 
merization of cyclopentadiene is practically independent of the presence of 
oxygen or peroxide." The effect of peroxides on the bromination of 
olefines has also been described.'!® Peroxides of the furan series have been 
described,’ and the effect of phenols and naphthols on the autoxidation 
of tetralin has received attention.™! 
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gy SynTHETIC Propucts. 
‘ase O 
air by Work continues on the production of motor fuels (i.e. hydrocarbons) 
01 © § from water gas by the well-known Synthol process. Japanese investiga- 
oroved tions have been reported }* !°3 in some detail, and it has been stated that 
nd the |B an excess of carbon monoxide has no deleterious influence on the synthesis, 
revent but excess of hydrogen favours the formation of methane. The influence 
yek 8 & of alloy skeletons as catalysts in this method of benzine synthesis has been 
s, and described. 14 
Avell, The production of lubricating oils from water gas and hydrogen-carbon 
ons to monoxide mixtures has been described in some detail by F. Fischer and 
idt 106 H. Koch }° in a review of all the present methods of synthetic lubricant 
and preparation, and the properties of the oils produced have been 
described 26. 127 
, and The production of alcohols from petroleum products continues to attract 
lable, considerable attention. Audibert !* has dealt with the methanol synthesis 
py] 108 reaction, and Brooks ”® has presented a valuable general review on the 
subject. The preparation of amy! alcohols from pentanes by chlorination 
tions followed by hydrolysis has also been described.“° The comparatively 
ygen new processes of direct hydration of olefines for the production of alcohols 
ds of has been considered by Sanders and Dodge ™! with respect to ethylene, 
rface and by Lucas and Eberz ™ with respect to isobutylene. Equilibrium 
pane data for the hydration of ethylene, propylene, n-butylene, and isobutylene 
have have been presented by Stanley, Youell, and Dymock. The sulphuric 
1 the acid process for the manufacture of ethyl alcohol from ethylene has been 
ence [J described by Strahler and Hachtel,™4 who have detailed the results obtained 
3- at 25 atm. pressure. Commercial processes for the dehydration of ethyl 


alcohol, particularly the Gyp process of the 1.G., have been described.1*® 


wer 
4113 
pro. PHYSICAL PROPERTIES. 
nain & Waterman and his co-workers have described methods involving the 
ral, § determination of specific refractions whereby Edeleanu treatments of 
are heavy oils may be controlled.“ The heat contents of hydrogen, oxygen, 
nitrogen, carbon monoxide, carbon dioxide, methane, ethylene and water 
| by have been calculated over the temperature range 0° to 1900° C.%7 The 
ida- literature on vapour pressures of organic liquids has been reviewed, and 
der as a result 183 organic liquids and solids were found, the vapour pressures 
mer of which are well known over the range 500-900 mm. of mercury. These 
are represented on alignment charts.* Rossini has determined the heats 
the of combustion of ethane, propane, n-butane, and n-pentane,!*® and Stewart 
by and Mass ™ have measured the vapour density of sulphur dioxide. 
rly- Measurements of the solubility of hydrogen in benzene, toluene, xylene, 
» of gasoline, kerosine, etc., have been made over the temperature range 25- 
of 300° C. and at pressures up to 300 atmospheres. In the case of hydrogen 
en and nitrogen the solubility increases with rise in temperature, but the 
jon reverse is true in the case of methane.'*! 


Numerous contributions have been made to the subject of gas-liquid 
equilibria of hydrocarbon mixtures, and P.V. relationships. Propane ™ 
and the xylenes ™ have been examined in specialized studies. Lacey, 
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Sage, and Kircher ™ have considered the solubility of a dry natural gas 
in various crude oils at 100° F., and Patie and Brown ™® have determined 
the enthalpy and Joule-Thomson coefficients for pentane and a painter's 
naphtha. 

Meyers “* has proposed a formula for the determination of specific 
volumes of saturated vapours at pressures up to one-quarter of the critical 
pressure, and general papers on vapour-liquid equilibrium data have been 
prepared by Beatty and Calingaert,"*- ™* by Sage, Lacey, and Schaafsma, 
and by Lewis and Kay.!® The diffusion of vapours into air streams has 
been dealt with by Gilliland and Sherwood.!5! 

With regard to viscosity and its measurement, the viscosity of high 
molecular cyclic hydrocarbons has been considered,)™ a new viscosity 
gravity constant chart has been proposed,!™ and the Steiner viscometer 
and the Ostwald viscometer 15 for tar have been described. The subject 
of oiliness has been considered by Bridgeman,!** and the surface tensions 
of various oils have been measured.'5? 
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MOTOR BENZOLE. 
By A. K. Street (Member). 


THE annual production of motor benzole in Great Britain was estimated 
at 30,000,000 gallons in the last “ Progress of Naphthology ”’ report: 
A revised estimate for 1933 in the light of fuller information would increas 
the figure quoted to a minimum of 31,000,000 gallons, and this is confirmed 
by the Mines Department.* During 1934 the trade revival in the Iron 
and Steel Industries, which was first manifest at the latter end of 1933 
continued, and this had an immediate effect on the activities of the Coking 
Industry. Benzole production from coking plants increased not only as 
a result of new installations, but also due to the fact that ovens which 
had been idle were again brought into operation, and because of the in. 
creased tonnage of coal carbonized in batteries which had previously been 
operating only on partial throughput. Metallurgical coke production 
is largely dependent on the demand from the Iron and Steel trade, and the 
increase in the tonnage of coal carbonized at by-product plants is largely 
explained by the statistics relating to the number of blast furnaces operating 
for the production of pig-iron in the country. The average number of 
furnaces in blast for the quarter ending June 1933 was 72%, whereas the 
comparative figure for the quarter ending December 1934 was 99%. 

The installation of new benzole recovery plants by gas undertakings 
was continued during 1934. The production of benzole, in terms of refined 
spirit, at gas works during 1933 was estimated at 6-5 million gallons by 
the Mines Department * whereas a conservative estimate for 1934 would 
be 11 million gallons, an increase of more than 69 per cent. It will bk 
appreciated, therefore, that total benzole production during 1934 showed 
a sharp increase, and it is estimated that it rose to 41 million gallons, an 
increase of 10 million gallons over the corresponding figure for 1933. 


I. PropuctTion oF BENZOLE BY CoAL CARBONIZATION PROCESSES. 


Attempts have been made for a number of years to modify the design 
of oven tops in order that a greater quantity of benzole might be recovered 
by protecting benzole vapours from pyrogenic destruction in the hot oven- 
crown. In the Goldschmidt method a complete flue is placed in the toy 
of the oven, and the gas given off from the coal charge passes immediate]; 
into this flue, which is considerably cooler than the hot zone of the oven- 
top. Claims have been made that increases in benzole yield varying 
from 8 to 10 per cent. have been obtained on the Continent with the 
Goldschmidt flue, and as this special design has been incorporated in a 
new coking plant at Cargo Fleet, the first of its kind in this country, the 
results will be watched with interest. Thau® has discussed similar 
modifications of coke-oven design making particular reference to th 
Goldschmidt flue, and Dean? gives some details of the “ Still internal 
suction process’ of operating coke-ovens when using different coals at 
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plants in Westphalia, and claims a very high incrcase in the yield of benzole. 
Busch, Colin and Schmitz * have reported an increased yield from coke- 
oven gas by removing the gases and vapours in such a way as to avoid 
thermal decomposition of the volatile products of carbonization while 
travelling over the hot charge to the ascension pipe. Attention has been 
directed to the possibility of the production of benzole of low specific 
gravity, due to the presence of paraffin hydrocarbons and to deficiency 
mated H in benzene content when processes of this type are adopted.® According 
eport! & to E.P. 405,996," increased vields of benzole are obtained in the carboniza- 
icrease @ tion of coal by heating rapidly for half the coking period, and then com- 
firmed pleting the carbonization period with reduced heating. 
e Tron Asurvey covering fifty years of gas treatment, including benzole recovery, 
f 1933, has been made by Proteus,!! and a number of problems connected with 
Coking benzole and tar production in the coking industry have been discussed 
uly & @ by Saunders. Drawe ™ has described experiments on the complete 
Which gasification of brown coal briquettes in oxygen and steam, and the recovery 
the in- of the resulting tar and benzole, and Schuster ™ has discussed the various 
y been B methods of converting coal into liquid products by gasification and hydro- 
uction § genation, and the suitability of the different methods for gas works and 
nd the B coke-ovens. Research has continued on the formation of aromatic hydro- 
argely B carbons from gaseous paraffinic and olefinic hydrocarbons, but detailed 
rating § reference to all papers and patents in this field is impossible. 
ber of Mordecai '* has reviewed progress in the coke-oven industry, and present 
as the B practice in Europe and the U.S.A. concerning the recovery and treatment 
of the by-products of coal carbonization has been discussed by Berthelot,)® 
ikings # Watanabe 17 and by Oshima.!* The composition of benzole obtained 
ehned @ from coal gas and from water gas was the subject of a paper by Delsol 
ns by presented at the 57th annual congress of the Association de |’ Industrie 


would du Gaz en France. 
rill be 


10wed II. Recovery. 


ns, a2 Cooling —The treatment of coal gas by intense cooling for the removal 
of tar, benzole, naphthalene, ammonia, hydrogen sulphide and water, 
has been described by Beck,’ whilst the various processes devised for 





S. this purpose by the Linde Company have been reviewed by Schuftan.” 

’ Oil-Washing Process.—Papers of theoretical interest in connection with 
lesign F recovery of benzole by oil-washing have been published by Kopelevich,?! 
veree & by Litterscheidt 2 and by Lombardi-Cerri. The general principles of 
ovel: § benzole recovery have also been discussed by Hasuda,™ who has described 
© top § the plant used for benzole recovery from coke-oven gas and rectification 
‘ately § at the Imperial Steel Works at Yawata, Japan. Kopelevich ** has also 
pven- & compared the absorptive capacities of a coal-tar and a petroleum gas-oil, 


rying & whilst Frey 2° has investigated the preparation of suitable wash oils from 
1 the B certain coke-oven tars. Triebs 27 has attributed the resinification of cresol 
in 8 used as a wash oil for benzole recovery from coke-oven gas to oxidation 
> the catalysed by rust, Fe, Pb, Bi, Co, Cu, Ni and Al. 


milar Details of further investigations concerning the thickening of wash oils 
the have been published by Kopelevich and Brodovich,?* who have made an 
‘rnal @ experimental study of the changes in the properties of wash oils used for 


ls at benzole recovery, and by Kattwinkel,2* who examined the materials 
II 
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precipitated by petrol and benzene respectively from used and fresh coal. 
tar wash oils. Contributions to the theory of operation of multi-stage 
gas washers have been made by Silver,” by Hollings and Silver,*! and by 
Simmons and Osborn, whilst Ashraf, Cubbage and Huntington * haye 
dealt with the problem of oil entrainment. 

Oil Washing Process-Plant Design and Operation.—Egeling ™ has given 
details of his e xpe riences in the operation of benzole recovery plants at 
coke-oven works in Germany, whilst Eichelbrenner * has given a desc rip. 
tion of the benzole recovery plant at Montbeliard in France, using anthracene 
oil. 

The greater interest in benzole recovery at gas works in Great Britain 
has been reflected in the number of papers that have appeared relating 
to the operation of plants at such works. Wakeford ** has published 
information concerning the results obtained at Brighouse Gas Works 
Wikner and Richardson *’ particulars concerning the use of gas oil for 
benzole recovery by the Newcastle-upon-Tyne and Gateshead Gas Company: 
Davison ** the results obtained at Chester in recovering benzole from 
horizontal-retort gas with a Rumanian gas oil; Chester ® the results 
obtained at Swindon operating on (Glover West) vertical-retort gas 
Cook the results obtained at Warrington operating on (Woodall-Duckham 
vertical-retort gas; and Reynolds *! for a renovated plant operating on 
vertical-retort gas. 

Krebs * has described the operation of a bubbler-cap column for de. 
benzolizing wash oil, and several patents relating to the oil-washing pro- 
cess have appeared. These are too numerous to detail, but attention 
may be directed to those of Pollak and Benzola ® for an oil-washing pro- 
cess, of Otto and Co.“ for oil-washing plant, of Holmes, Cooper and 
Henshaw * for a debenzolizing process and plant and of Barbet * for a 
recovery and rectification plant. Still*? has patented a debenzolizing 
plant and Clayton and Snowden ** a process for the continuous regeneration 
of wash oil. 

Active Carbon Process.—The operation of the active carbon plants for 
benzole recovery installed by the Gas Light and Coke Company is un- 
doubtedly of considerable interest to the benzole industry. Progress and 
the results obtained have been reported by Hollings and Hay,” who have 
also discussed the relative advantages and disadvantages compared with 
the oil-washing process ; and by Miiller and Herbert.” Certain statements 
by Engelhardt and Riiping with regard to the quality of the benzole 
recovered by the active carbon and oil-washing processes have been 
criticized by Heckel,®! and the comparative merits of active carbon and 
oil-washing processes have also been discussed by Plenz * and by Musso.* 
A general description of the use of active carbon processes in the motor 
fuel industry has been published by Miiller, and Krezil 55 has reviewed 

the German patent literature concerning the recovery of gases and vapours 
by technical adsorbents. 


IIT. ReFINina. 


Recent developments in the refining of motor benzole in Great Britain 
have been reviewed by Lowe,** and publications of interest have appeared 
in connection with the fractional distillation of benzole. Tyutyunnikov * 
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has described plant for the continuous fractionation of crude benzole for 
the separation of benzene, toluene and xylenes, and Krolevetz 5* has 
discussed the physical and chemical conditions during distillation in the 
recovery of crude benzole. A number of papers have dealt with the 
design and theory of fractionating columns and with the general principles 
of rectification. . 

Acid-Washing Process.—Operating results for the Holmes continuous 
benzole refining process have been published by Thorpe.*® Continuous 
refining processes have been patented by Kemper and the Koppers Co., 
and by the Sharples Speciality Co., Jones and James.*! Patents have 
also been issued to Ingram and the Koppers Co.® for the addition of water 
to the washer before separating the acid-tar (cf. Ufer process), and to 
Desy and the Koppers Co.® for the addition of solvent naphtha to benzole 
before acid-treatment, in order to facilitate re-solution of the sludge in 
the benzole, when adding water before removing the acid-tar. 

A process for the treatment of acid-tars resulting from benzole refining, 
for the recovery of acid and resins has been claimed by Bradley and Woodall- 
Duckham (1920), Ltd.,“ and details concerning the refining of benzene, 
toluene and xylenes with acid have been published by Gutuirya, Dalin 
and Monakhova.*® 

Other Refining Processes—Developments with regard to the Inhibitor 
process, in which acid treatment is reduced to a minimum, have been 
reported by Hoffert and Claxton,®* and it is perhaps of interest to note 
that more than 60 per cent. of the benzole produced in this country is refined 
by users of this process. 

Further developments in the Silica Gel Corporation process have been 
covered in U.S.P. 1,909,811 and 1,939,129. Improvements of the Instill 
process are covered in E.P. 409,816, in which spirits are percolated through 
a mixture of ferric sulphate and absorbent earth with some spacing material 
present to render the fine powder more porous, and in E.P. 413,412 in 
which a mixture of ferric sulphate, absorbent earth and free sulphuric 
acid is used for refining purposes. 

The purification of aromatic hydrocarbons with zinc chloride has been 
investigated by Zadolin and Butkov ®’ and by Popov and Polonskaya.* 
The latter propose zinc chloride for a preliminary treatment, followed by 
acid washing, and claim thereby a considerable saving in acid. Werty- 
poroch and Sagel ® have studied the action of aluminium bromide on 
benzene, and Ipatieff and Komarewsky “ the action of aluminium chloride 
on benzene and cyclohexane. 

A method of refining and desulphurizing hydrocarbon oils with active 
oxygen has been described by Herzenberg,”! who claims the use of hydrogen 
peroxide and organic peracids in F.P. 758,560. Improvements to E.P. 
387,447 of Improved Hydrocarbon Processes Ltd., in which benzoles, 
cracked spirits, etc., are treated with ozonized air and then with 70 per cent. 
sulphuric acid, are claimed in E.P. 413,719, in which stearates, oleates 
and resinates of Fe, Mn and V are used as catalysts during the treatment 
with ozonized air and prior to treatment with sulphuric acid containing 
ferric chloride or sulphate. The desulphurization of brown-coal tar distil- 
lates with ozone has been studied by Maneck,” who finds that the success 
of the process depends on the nature of the sulphur compounds present. 
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Mainz and Muhlendyck *™ have investigated the refining of crude benzole 
with adsorbent earths, and have claimed that this method is more economical 
than acid refining. According to Hofmeier, Wisselinck and Miiller.* 
silica gel and active carbon were not satisfactory materials for removing 
sulphur from a lignite light oil. The refining of benzoles by separating 
the low-boiling fraction below 80° C. and bringing the remainder into 
contact as vapour with a solid adsorbent, such as fuller’s earth, or a solution 
of a polymerizing agent, such as zine chloride, is claimed in F.P. 765,504 
of the Gray Processes Corporation. 

Sulphur Removal.—Holmes and Beeman ** have developed an improved 
method of removing thiophene from benzene with aluminium chloride, 
whilst Orlov and Broun ** have studied the catalytic decomposition of 
thiophene in the presence of hydrogen. Holmes has also claimed in 
U.S.P. 1,882,146 a process for removing thiophene from hydrocarbon 
oils consisting of treatment with a gel, such as an iron-silica gel, containing 
a metallic sulphide, such as copper sulphide. 

A process used in Germany for removing free sulphur and neutral 
sulphuric esters, and consisting of washing the benzole vapours at an 
elevated temperature with alkali solution (Ibuk process), has been described 
in E.P. 364,778 (Troniseck). 

Processes have been patented concerning the removal of carbon disulphide 
from benzoles using methanol and caustic soda 7? and using ammonium 
sulphides and ammonia.”* A review of the Instill process as applied to 
the rectification of benzole has been published,” and it is claimed that a 
reduction in thiophene content may be achieved by the special medium 
without undue loss of unsaturateds. 


IV. ANALYSIS AND TESTING. 


According to Foxwell © the composition of the benzole obtained from 
coke-ovens constructed between 1910 and 1915 was benzene 70-75 per 
cent., toluene 15 per cent., xylenes 7 per cent., higher homologues 5 per 
cent., whereas the composition of a crude benzole produced in a modern 
oven using a higher flue temperature is benzene 85 per cent., toluene 
13 per cent., xylenes 1 per cent., higher homologues 2 per cent. 

A standard fractionating apparatus for the analysis of benzoles and 
motor fuels has been described by Briickner.*! 

Wendehorst and Knoche ™ have given details of their method of deter- 
mining the olefines, aromatics, naphthenes and paraffins in motor fuels 
by means of sulphuric acid, but their method has been criticized by Bandte.* 
Goettsch ™ has described a simple method of determining the paraffin 
hydrocarbons in commercial benzene using 95 per cent. alcohol, whilst 
Galle and Klatt ®° have discussed the determination of the iodine numbers 
of benzoles with reference to their evaluation. A process for separating 
and purifying 0o-, m-, and p-xylenes by fractionation and cooling, has been 
described by Spannagel and Tschunkur.*® 

A critical study of methods of determining sulphur compounds in benzoles 
(free sulphur, carbon disulphide, thiophene and total sulphur) has been 
made by Pieters, Iterson and Spronck,*? who have suggested certain 
modifications. Modifications of the A.S.T.M. lamp method for determining 
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sulphur in benzole and gasoline have been described by Ervin,®* and by 
Dolan,*® whilst papers of interest in connection with the determination 
of free sulphur in benzoles have been published by Allport,” by Dubrisay,*! 
and by Fleck and Ward.* Colorimetric methods for determining hydrogen 
sulphide, mercaptans and sulphides have been described by Giberton,” 
and by Toyoda.“ According to Dittrich,®® copper under the influence 
of light catalyses the condensation of mercaptans to a product which 
separates as a lacquer-like deposit on the metal, and therefore the use of 
copper for determining corrosive sulphur may lead to error. 

A method of determining the absorptive capacity of wash oils for benzole 
has been described by Leroux,®* who gives results at different temperatures 
for various aromatic, naphthenic and paraffinic absorbents. Modifications 
to methods of determining naphthalene in tar oils have been proposed 
by Pieters,®’ and in gas by Seebaum and Oppelt.** 

Kattwinkel ® has described improvements of his active carbon method 
of determining benzole in coke-oven gas, whilst methods for determining 
combustible gases or vapours in air are described in E.P. 402,011 (Malecki) ; 
E.P. 412,761 (Ringrose); and E.P. 413,616 (Drager). 

Papers dealing with the analysis of aleohol—benzole—petrol blends have 
been published by Spausta, and by Formanek,™! and Broche and 
Scheer © have described modifications to their calcium hydride method 
of determining the amount of water in hydrocarbons. 


V. PROPERTIES AND Use as Motor FvEL. 


The properties and use of benzole as a motor fuel have been reviewed 
by Coleman,’ whilst Enock ™ has published information concerning 
benzole fuels used in Germany. 

The slow combustion of benzene has been investigated by Amiel,’ 
the explosion pressures of air—benzene mixtures in a closed vessel by 
Laure,!°* and the auto-ignition temperatures of benzene and bituminous 
coal-tar oils by Hartner-Seberich and Horn.” 

Information concerning the use of coal-tar oils (creosotes) in internal- 
combustion engines has been summarised by Spiers and Smith,!* whilst 
alcohol-benzole—petrol blends, which are largely used on the continent, 
have been dealt with by Howes,’ Dietrich,'" Doldi,"44 Gordon, Fritz- 
weiler and Dietrich,!"* Shepherd, !* Verdier,"!> Araki and Nakabayashi,'!® 
Wawrziniok,!4* Conrad,!!* and Formanek.'"® 

The freezing points of motor fuels containing benzene, toluene and 
xylenes have been investigated by Sabrou and Renaudie,’ and the liquid— 
vapour equilibria of mixtures of aromatic and non-aromatic hydrocarbons 
by Mizuta.?*! 

The specific heats of benzene and toluene between 5° and 15° C. have 
been measured by Stephens ! using a cooling method, the vapour pressure 
of crystalline benzene by Deitz,'** whilst the effect of intensive drying on 
the vapour pressure of benzene has been investigated by Menzies and 
Lacoss,!4 and the effect of pressure on the melting points of the xylenes 
by Swallow and Gibson.!25 Swientoslawski and Usakiewicz ™* have found 
that the water content of benzene can be reduced to 0-0001 per cent. by 
a triple distillation and rejecting the lower fractions which contain the 
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heteroazeotrope, B.Pt. 69-25° C. They also found that thiophene forms 
azeotropic mixtures with benzene. 

The air contents at 20° C. of various motor fuels have been determined 
by Dietrich and Lohrengel,'!** who found that benzene contained 120 c¢.c, 
per litre, compared with 200 c.c. for gasoline, 145-7 c.c. for alcohol, and 
18-9 c.c. for water. 

Wheeler, Lovell, Campbell, Signaigo and Boyd ™* have measured the 
relative tendency to knock of about 60 hydrocarbons of the aromatic 
series, and have discussed certain relationships between molecular structure 
and knocking properties. They have pointed out that the relative anti- 
knock properties of different hydrocarbons vary with engine conditions 

The suitability of the ‘“‘ Motor Method ” of octane number determination 
has been under review, and a further series of road tests was carried out 
at Uniontown in July 1934, on a large scale. The road test results when 
correlated with C.F.R. engine tests showed that the motor method was 
generally satisfactory, but confirmed the opinion that fuels containing 
appreciable quantities of aromatics were under-rated by the test engine 
relative to their road performance. As a result of this, a tentative standard 
method has been issued by the Institution of Petroleum Technologists 
which states that fuels shall be tested by the motor method, and that the 
octane number so determined shall be quoted, but for those containing 
more than 30 per cent. of aromatics a corrected value depending on the 
aromatic content shall be reported as “octane number (corrected for 
benzole content).”” The graded scale of allowances range from | to 3 
octane numbers, and the determination of aromatic content in the fuel is 
subject to a correction for bromine number.'”* 
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LOW-TEMPERATURE CARBONIZATION. 
By A. B. MANNING. 


THE progress of low-temperature carbonization in recent years is well 
1934, illustrated by the following statistics, giving the quantities of coal distilled 
and the yields of products obtained at low-temperature carbonization 
plants working on a commercial or semi-commercial scale in Great Britain, 
for the years 1931, 1932, and 1933." 


1934 1931. 1932. 1933. 
420] (i) Total quantities 
Coal distilled, tons : ‘ : ‘ 214,097 222,616 317,703 
.) Products : 
Sect., Semi-coke, tons 151,729 162,797 222,245 
Gas,* 1,000 cu. ft 1,744,200 1,287,000 2,112,195 
Tar, gals. ‘ 3,118,131 3,091,537 4,899,820 
> and Crude spirit from gas, gals. . : 374,390 429,755 741,177 





(ii) Production per ton of throughput 


vi. Semi-coke, cwts. ; ‘ 14-2 14-6 14-0 
Gas, therms ‘ ‘ 33-0 32-1 34-4 
Tar, gals. , , , 14-6 13-9 15-4 
Crude spirit from gas,t gals. ; , 1-7 1-9 2-3 
S866 


* The yield of gas varies widely according to the process and the kind of coal 
lbstr.. treated. 
+ Spirit is not “scrubbed” from the gas at all plants. The average yields cal- 
ulated on the coal distilled at the plants where the gas is scrubbed are as follows : 
1-9 gals. per ton of throughput in 1931, 2-2 gals. in 1932, and 2-7 gals. in 1933. 


The complete figures for 1934 are not yet available, but will probably 
show a further increase in total coal distilled over those of 1933. Some 
» 148, B nine or ten processes are being operated on a commercial or semi-commercial 
1934, | scale ; 2 as far as information is available, the more important developments 
in this field are summarized below. 

By far the greater part of the semi-coke produced in this country is 
3.97, — at present manufactured by Low-Temperature Carbonisation Ltd. 
(“Coalite ”). This Company now owns two plants at Barugh and Askern, 
respectively, and a third plant, owned by the South Metropolitan Gas Co., 





1043 : : ; an 
. — is in operation at Greenwich; the three plants comprise a total of 628 
retorts, with a capacity for dealing with 370,000 tons of coal per annum. 

475 


Two more works are to be built immediately .* 

Coal Conversion Ltd. (Plassmann process) have three retorts in operation 
at their works at Barking, Essex. Each retort has a capacity of 60 tons of 
coal per 24hours. The coke produced (“ Colconite ’’) is suitable as a smoke- 
less fuel for domestic purposes. Owing to developments at the site, the 
retorts were in operation for only 3 months during 1934, during which period 
approximately 8200 tons of coal were carbonized. 
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It is understood that the Hird plant referred to in last year’s report has 
been operating satisfactorily during the year. 

At the annual meeting of Illingworth Carbonisation Co. Ltd., in December 
1934,‘ it was stated that a new type of retort designed by S. R. Illingworth 
with which experiments had been made over the past four months at 
Pontypridd, had given satisfactory results. It is proposed to extend thy 
present capacity of this plant from 8 tons to 50 tons per day throughput. 

It has recently been announced > that the South African Torbanit: 
lining and Refining Co. has placed an order with Salermo Ltd. for two 
alermo Units to be erected at Ermelo in the Transvaal. 
It is also announced ® that large extensions and improvements are being 
made to the plant of British Coal Distillation Ltd. (L. & N. process) at 
Ashby-de-la-Zouch. 

Further steady progress has been made in the study of the low-tempera- 
ture carbonization of coal at the Fuel Research Station.’ The setting of 
narrow, vertical, brick, continuously-working retorts, which started car. 
bonizing in July 1932, has continued in use, to determine both the useful 
life of the retorts and to test the suitability of a number of different coals 
for producing a domestic coke in this type of retort; results of such tests 
show that by suitable choice of operating conditions a wide range of types 
of bituminous coal can be successfully carbonized. The best working 
conditions are obtained with sized medium-caking coals at throughputs of 
about 8 tons per retort per day. Another setting of two similar retorts 
built of silica was completed and started carbonizing in February 1934. 
Experiments have also been carried out on the production of smokeless 
fuel in Woodall-Duckham chamber ovens at “ medium” carbonizing 
temperatures. With flue temperatures of 650-850° C. static charges can 
be carbonized to give satisfactory smokeless fuel for the domestic open 
fire.® 

The utilization of coke ovens for the production of a semi-coke suitable 
as a domestic smokeless fuel is being developed by the Lecocq Coke Over 
Co.,° and also by the Powell Duffryn Co. The process has been referred 
to as medium-temperature carbonization, and is reported to have given a 
satisfactory domestic fuel. An important factor in the success of the 
process appears to be in the choice of a suitable blend of coals to be 
carbonized. 

Recent experiments carried out by the Wandsworth and District Gas Co 
have shown that it is possible to produce a satisfactory domestic fuel in an 
ordinary horizontal retort setting by operating at a reduced temperature 
(700° C.). 

Considerable interest attaches to the development during the past year 
of a number of processes in which a mixture of coal and oil is carbonized 
One of these,!! which is in operation at Cannock, Staffordshire, and is 
owned by the National Coke & Oil Co. Ltd., has as its object the production 
of a smokeless fuel and motor spirit by carbonizing the mixture (50 : 50) of 
pulverized coal and oil in externally-heated rotary steel retorts (50 ft. long 
by 5 ft. diameter) at an operating temperature of about 450° C. The oil 
used consists of a mixture of the heavy oil obtained from the process itself 
with high-temperature tar creosote. A blend of a coking and a non-coking 
coal appears to be most suitable for this process. About 15 gals. of motor 
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spirit and 4-5 gals. of heavy oil are produced per ton of mixture charged, 
and 15 ewts. of coke per ton of coal charged. The throughput of the retort 
is of the order 25-35 tons per day. The coke is screened; the larger sizes 
are suitable as a domestic fuel, and the larger fines as a forge fuel, whilst 
the smaller material is briquetted, with tar as a binder, into ovoids which 
also are suitable for domestic purposes. 

A process," based on the patents of H. P. Stephenson, is to be operated 
by Coal & Allied Industries Ltd., who are erecting at Seaham Harbour a 
plant which is to have a capacity of 500 tons per day. In this process a 
mixture of pulverized coal and crude fuel oil is carbonized at 550° C. A 
vield of the order of 30 or more gallons of motor spirit per ton of coal is 
claimed. The company proposes also to manufacture various chemical 
products which are used in the artificial silk trades, oil and fat industries, 
and the leather and printing trades, and which at present are to a great 
extent imported. 

It may be of interest to mention a third process * now being developed 
involving the carbonization of a mixture of coal and oil, although the 
temperature employed (1300° C.) brings this well within the range of high- 
temperature carbonization. This is the Knowles process, a plant for the 
operation of which has been erected at the steel works of Messrs. Stewarts 
and Lloyds Ltd., at Corby. The finely-ground coal is mixed to a paste 
with oil or tar, and the preheated mixture is fed into coke-ovens of special 
design. The latter are 10 ft. wide by 30 ft. long by 4 ft. 6 in. to the crown 
of the arch and are heated through the sole. The liquid products, or suit- 
able fractions thereof, are treated in a Dubb’s cracking plant to produce 
motor spirit; the heavier residues are returned for admixture with a 
further quantity of coal. A feature of the process is that non-caking coals 
can be used and thereby made to yield a strong coherent coke. Yields of 
motor spirit of the order of 30 or more gallons per ton of coal are claimed. 

Some results of tests on a Thwaite plant ™ have been briefly described.!® 
In this process the finely-divided fuel is charged into pockets in a horizontal 
tray within a heating chamber through which hot waste gases are passed ; 
when carbonization is complete, the briquettes formed are discharged by 
inverting the tray and withdrawing them from the bottom of the chamber. 

Another process which, it is understood, is being developed on the 
Continent, is the “ Thermax” process.’® In this an externally-heated, 
vertical, cylindrical retort is provided with a rotating, inner, concentric 
cylinder having a spiral screw on its outer surface, so that coal which is fed 
in at the top of the retort is conveyed at a slow controllable rate down the 
annular space between the two cylinders. The semi-coke is thereby 
maintained in a compact form, and little dust is produced. The volatile 
products of carbonization are withdrawn through perforations in the inner 
cylinder. The preferred temperature of carbonization is 500-550° C. 

A. Thau has described various developments in the technique of low- 
temperature carbonization of brown coal.!” 

A comprehensive study of the effect of temperature of carbonization of 
coal on the ignition and combustible properties of the coke produced has 
been made by the South Metropolitan Gas Co.'® The results, in the main, 
confirm those of previous workers in this field. It is concluded that a 
smokeless, solid fuel, readily ignitable, and freely burning in the ordinary 
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domestic grate, can be obtained by the carbonization of coal at tempera. 
tures below 700° C.; if coal is carbonized above this temperature the solid 
product is markedly inferior as a fuel for the open grate. 

A difficulty that has always been associated with any process of low. 
temperature carbonization has been the economic utilization of the tar 
The most valuable fuel produced from the tar is the motor spirit, the yield 
of which, however, under normal conditions of operation amounts to only 
about 3 gallons per ton of coal carbonized (cf. statistics quoted at the 
beginning of the report). It is possible to convert the remainder of the tar 
into motor spirit by treatment with hydrogen under pressure in the presence 
of a suitable catalyst, and this would appear to be one of the most promising 
lines of attack on the problem of tar utilization. The process is being 
studied in detail by the Fuel Research Board. Their work indicates that 
suitable operating conditions for the hydrogenation process are : pressure— 
at least 200 atmospheres, temperature—450-500° C., and catalyst— 
molybdic oxide supported on alumina gel (the sulphur compounds in the 
tar convert the oxide into sulphide in the early stage of the process; the 
sulphide, however, is actually a more active catalyst for the process than 
the oxide). 

An excess of hydrogen is used and a rate of throughput through the con. 
verter which gives about 35 per cent. of motor spirit in the product; this 
is separated by fractionation, and the heavier oil is recycled with the fresh 
tar. The tar is thereby converted practically completely into motor 
spirit (boiling to 200° C.; 20 per cent. below 100°; sp. gr. 0-810), the yield 
being about 100 per cent. by volume or 80 per cent. by weight. It may be 
mentioned that in general the lower the temperature of carbonization of the 
coal the more amenable is the tar to hydrogenation. 

The composition of low-temperature tar and the possibility of the techni- 
cal utilization of certain of its constituents have been further studied by 
G. T. Morgan and his co-workers. Low-temperature tars contain a re- 
latively high proportion, e.g. 20 per cent. of “ tar acids,” i.e. of phenol and 
its homologues, among which certain higher members have remarkable 
properties as bactericides and as wetting agents. The following phenols 
have been isolated from, or shown to be present, in low-temperature tar :— 


phenol, o-, m-, and p-cresol, 0-4-, m-4-, m-5-, and p-xylenol, iso-p- 
cumenol, 3-methyl-5-ethyl phenol, «-naphthol and $-naphthol. 


Among the anthracenoid hydrocarbons present in low-temperature tar 
the following have been identified : anthracene, 2-methyl-, 2 : 6-dimethyl., 
2:3:6-trimethyl-, and 2:3:6:7-tetramethyl-anthracene. A _ con- 
stituent which imparts an intense yellow colour to the anthracenoid hydro- 
carbons has been proved to be mainly 2 : 6-dimethylnaphthacene. 
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AUTOMOBILE AND AERO ENGINES. 
By L. G. CaLurycuam. 
AERO ENGINES. 


ANY attempt to survey progress in this field during 1934 soon discloses 
that nearly two hundred and fifty types of engines were in production, and 
that these comprise the product of some seventy manufacturers. Even if 
complete and accurate data were available, it would be impossible, in th 
space available, to tabulate and compare all their salient features or to 
specify details of the year’s improvements. 

[t seems clear that whilst water-cooled engines are in a distinct minority 
in Great Britain and the United States, their manufacture on the Continent 
compares favourably with that of the air-cooled type, although this refers 
only to high-powered engines. The pros and cons of water-cooled or air. 
cooled engines will not be discussed here, but expert opinion on this 
controversial subject will be found in papers by Fedden,! Forsyth * and 
Wilkinson.* 

In constructional detail, practically all the aero engines have steel 
cylinders and heads of some form of aluminium alloy, valve seats being 
inserts of aluminium, bronze, monel metal or hardened steel, which may 
be “ stellited.”” Compression ratios vary from 5:1 to 7:1, according to 
cylinder size and degree of supercharge. The majority of the engines are 
supercharged and, in the case of service types, to a point wher 
77 to 87 octane number fuel is specified, the smaller engines use 70 octane 
number fuel. 

Progress in the last year has been very marked in most cases, and power 
increases of from 5 to 25 per cent. are recorded without increase in weight 
or size. This, of course, is chiefly due to increased rotational speeds 
higher compressional ratios or degree of supercharge, and improvement 
in material, with special regard to valves. 

The availability of 77 and 87 octane number fuel has undoubtedly made 
this advance possible after engine-builders had perfected their technique 
in the design of, and selection of correct material for, valves and valve- 
seats. Engines are now often run for 500 and even 600 hours without 
top overhaul, the limiting factor generally being valve condition, and the 
development of the hollow salt-filled valve has been a material factor in 
ensuring the reliability of the high-performance type of engine. 

Interesting and valuable light on valve material and the conditions under 
which valves work is shed by the papers of Banks * and Handforth.® 

British progress in general during 1934 has been remarkable, with every 
make of engine showing improved performance. 

Points of particular interest are found in the Bristol Company’s out- 
standing development of their “ Pegasus” engines, and the Napier 
Company’s very successful production of the “ Dagger ’”’ and “ Rapier ” 
types with large numbers of small air-cooled cylinders and hitherto unparal- 
leled crankshaft speeds (4000 r.p.m.) for aero engines. The power—weight 
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ratio and b.h.p. output per litre of the Rolls Royce engines are also especially 
notewort hy. 

One other feature of constructional interest is in the large number of 
firms now using lead-bronze bearings in the place of white metal. This 
has contributed in some considerable measure to the maintenance of the 
higher B.M.E.P. now generally obtaining. 

The following points regarding the Bristol engines are of interest : 

In 1921 the first Bristol engine (Jupiter) had a maximum b.h.p. of 400 
at some 1625 r.p.m., which represented an output of 13-9 b.h.p. per litre 
and a power—weight ratio of 1-8 lb. per b.h.p. In 1929 the final type of 
“ Jupiter” engine (X.F.B.M.) gave 600 b.h.p. (approximate r.p.m. 1850), 
equivalent to 20-9 h.p. per litre and a power—weight ratio of 1-6 lb. per 
b.h.p., in spite of the fact that the weights of both supercharger and 
reduction gearing had to be added to the original 1921 engine. To-day, 
certain of the “‘ Pegasus ”’ series of engines, which are similar in cylinder 
dimensions and number of cylinders (9), and which, like the “ Jupiter,” 
are air-cooled radials, produce over 900 b.h.p. for “ take-off” purposes, 
and deliver 32 h.p. per litre with a power—weight ratio of 1-08 lb. per b.h.p. 

Fuel improvements have, of course, played their part in aiding this 
remarkable development, and the latest engines of the type described are 
designed to operate on fuel of 87 octane number to Air Ministry D.T.D. 
230 Specification, with lead content up to 4 ml. per gallon if desired. 

In the development of the single sleeve-valve engine (Aquila and Perseus 
types) remarkably low fuel consumptions have been attained, 0-44 lb. per 
b.h.p. being maintained under cruising conditions. This, presumably, is 
due to the higher compression ratios which sleeve-valve construction allows, 
the effect on combustion-chamber shape being a prime factor. 

The Napier “ Dagger” and “ Rapier” types call for particular notice, 
in that they comprise distinctly novel constructional features. Both these 
engines have a large number of small air-cooled cylinders which are dis- 
posed, in the case of the “ Rapier,” in two banks of eight cylinders, each 
arranged in opposing lines of four cylinders each. The opposed cylinders 
are mounted above and below a common crankshaft; thus the engine 
has two crankshafts, one for each bank of eight cylinders. The crankshafts 
are geared at their forward ends to a common air-screw shaft. The 
“Dagger” is of similar general layout, but has twenty-four cylinders 
arranged in two banks of twelve cylinders each. On account of the frontal 








aspect, these are described as “ H ” engines. 

The small cylinder dimensions (3} in. x 3} in. in the “ Rapier”) permit 
a very high crankshaft speed, the normal being 3500 r.p.m. and the 
maximum 3900 r.p.m. From an engine of 8-8 litres the remarkable power 
output of 385 b.h.p. is obtained with a 6 : 1 compression ratio on 74 octane 
number fuel. Development work on 84 octane number fuel promises a 
considerable power increase. 

Full details of the “ Dagger” are not yet available. It is capable, 
however, of producing 760 b.h.p. at 12,250 ft. altitude using 87 octane 
number fuel, and with a weight of 1280 lb. 

Both engines have successfully passed their 100-hour Air Ministry Type 
tests, and are fitted with gear reductions, air-screw speeds being of the 
order of 1300 r.p.m. 
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In France, manufacture appears to be evenly divided between air- and 
water-cooled types, and the same trend to higher B.M.E.P. and rotational 
speeds as obtain in Great Britain is apparent. 

Specific and accurate information regarding the types of aero-engine 
in current production is to be found in Jane’s “ All the World’s Aircraft.” 4 
In broad outline aero engines fall into the following categories :— 

For light aircraft a four- or six-cylinder in line, air-cooled unit is employed, 
or, alternatively, an air-cooled radial of three to seven cylinders. Power 
ranges from 80 to 130 h.p. at from 2000 to 2400 r.p.m. Such engines are from 
3 to 4-5 litres in capacity, with compression ratios of from 5: 1 to 5-3: 1, 
These engines are seldom supercharged, and operate on fuels of the order 
of 70 octane number. 

For small commercial passenger machines, multi-engine medium-sized 
mail or passenger machines, and service training types, the air-cooled radial 
of 160 to 300 h.p. was for a long time supreme. Some of the larger six. 
cylinder in line types are now being adopted, and it is not unusual to find 
aeroplanes in this class with twin engines. Engine sizes are from 7 to 
10 litres, with compression ratios of 5-3 : 1 to 5-8: 1 and engine speeds up 
to 2400 r.p.m. Fuels of 70 octane number are very generally used. 

For large commercial machines the air-cooled radial of 500 to 700 h.p. 
is the most general, although some of the Continental machines employ 
water-cooled types. 

In this category also should fall engines of 300 to 350 h.p., which are 
fitted to some of the medium-sized aircraft, like the Armstrong Siddeley 
four-engined “ Atalanta” (four 10-cyl. “‘ Serval ” engines). 

In the main such engines are from 25 to 35 litres capacity, with maximum 
r.p.m. of 2300. Many of them are moderately supercharged, and fuels 
up to nearly 80 octane number are demanded in some cases. 

For military aircraft engines are in general super developments of types 
used for commercial aircraft, supercharged in varying degrees according 
to the purposes for which they are intended; additionally the water- 
cooled engine assumes equal importance to the air-cooled variety. There 
are also a considerable number of engines on secret or semi-secret lists 
which cannot be discussed here. Fuel requirements range from 77 to 87 
octane number. : 

Constructional Detail_—Except for some of the small engines, nearly 
every unit comprises steel cylinders fitted with some form of aluminium 
alloy head. The small engines use cast-iron alloy cylinders with an 
aluminium alloy head. 

These comparatively soft cylinder heads call for inserted valve-seats of 
hardened material, amongst which are aluminium bronze, monel metal, 
and hardened steels. Information on this subject, and on valves also, is 
to be found in Handforth’s work,® Banks’ paper on “ Ethyl,” ® and in the 
work of Williams of the Research Department of the Institution of 
Automobile Engineers.’ 

Valves with hardened faces and tips (Stellite) are now in use, and the 
salt-cooled valves used in the very powerful engines are of great interest. 

Pistons are invariably of light alloy, “ Y ” alloy and Hiduminium types 
being chiefly favoured. With the adoption of lead-bronze bearings, 
hardened steel crankshafts are employed, and nitrogen-hardening processes 
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are frequently used. There are a number of cases also noted wherein 
nitrogen-hardened steel cylinders are in use. 

Supercharging is, of course, a very general practice, and the various 
degrees of supercharge employed for different purposes, such as power at 
altitude ° or for take-off, are a subject in themselves, whilst the ingenuity 
displayed in the control of supercharge or “ boost” is considerable. All 
but the smallest engines to-day are supercharged, some of the military 
engines considerably so. This subject, together with the whole technical 
aspect of the aero-engine, ie admirably treated in Vol. II of the “ Internal 
Combustion Engine.” ® 

The year 1934 discloses very real progress on the part of engine-builders. 
Increased power has been gained mainly by increasing engine speeds, com- 
pression ratios and supercharger pressures. Improvements in material 
permit this power gain without increased weight, and the general adoption 
of air-screw reduction drives, or variable-pitch air screws, has permitted 
the increases in engine r.p.m. to be exploited advantageously. 

The extent to which improvements in fuel have contributed to progress 
must be duly appreciated, and special regard given to the close study made 
by those concerned with the causes and suppression of detonation. This 
forms the subject of an admirable paper by Bass.” 

The reliability of aero-engines continues to improve, and it is common 
for them now to run for from 500 to 700 hours without even top-overhaul. 


AUTOMOBILE (Motor-CaR AND Motor-CycLe) ENGINES. 


Motor-Cars.—Progress during 1934 has been considerable, and although 
no revolutionary designs are remarked, it is undeniable that engine 
performance and reliability have advanced. 

Improved performance has, in the main, been attained by increases in 
mean effective pressures, chiefly through the raising of compression ratios, 
aided by more efficient combustion-chamber design. 

Manufacturers have not been siow to take advantage of the higher anti- 
knock fuels now available, and there are a number of engines now fitted 
with vacuum ignition control which adjusts the spark timing in accordance 
with load as indicated by throttle opening. With these systems a light 
load, and consequent high inlet manifold depression, leaves the spark control 
to the usual centrifugal governor, and the setting is determined solely by 
engine speed. More throttle, however, superimposes a check on spark 
advance from this source, and the dual control gives the optimum ignition 
setting for the conditions obtaining. One manufacturer claims that this 
control has allowed an increase of one compression ratio, still using 
fuel of 68 to 70 octane number which formerly only just satisfied his 
engine. - 

In the U.S.A. there appears to be a general adoption of aluminium 
alloy 4 and copper alloy * cylinder heads, and although compression ratios 
there now range around the 6-2 : 1 to 6-7 : 1 marks, a 70 octane number fuel 
is said to be generally satisfactory. Compression ratios in Great Britain 
are not so high, ranging from 5-8 : 1 to 6-2: 1 on the average. 

Cast-iron cylinder heads are found on the vast majority of British engines, 
and the reason they function satisfactorily on 68 to 70 octane number fuels 

KK 
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lies in their smaller size and somewhat higher rate of revolution than most 
American types. Competition between makers in Great Britain, however, 
is so intense that every effort is made to extract a little more power from 
even the smallest engines, and it seems highly probable that the adoption 
of the non-ferrous cylinder head is but a matter of time. 

It is noteworthy that one important manufacturer now uses a fixed 
cylinder head instead of the almost universal detachable type; there is 
much to be said for this method of construction on the score of greater 
rigidity, better cooling, and more symmetrical combustion chamber design, 
Here it is perhaps appropriate to remark that 1934 has seen the practical 
disappearance of the sleeve-valve (double sleeve) engine from the market 
after nearly thirty years. 

Whilst engine design has not been neglected in 1934, the last two years 
have seen such devotion to the development of transmission improvements 
such as fluid flywheels, self-changing (Wilson type) pre-selector gears, 
synchromesh gears, and alleged aero-dynamic bodywork that engines 
have, in some measure, been given second place by designers. 

At the present moment the British car market is in a very healthy 
condition, some 274,000 cars having been produced and sold in the year, 
of which about 44,000 were exported. The imports amounted to some 
11,000 cars, mainly American, and it has been estimated by the R.A.C. 
that of all cars in the United Kingdom 86 per cent. are British, 10 per cent, 
are American, 1-5 per cent. are French, and 1-5 per cent. are Itakian, the 
remainder being Belgian or German. 

With the reduction of the horse- power tax there has been a slight increase 
(about 1 per cent.) of American cars in 1934 over 1933, and it is probable 
that this increase will be greater in 1935. The influence of the American 
car on the world at large must be very considerable, and it is only necessary 
to remark that of approximately five million motor vehicles produced in 
1933, the United States produced 75 per cent. 

The major engine problems encountered by British manufacturers in the 
past year appears to have been valve-sticking and burning troubles with 
small engines, and cylinder wear with all types. The former trouble is 
largely due to the difficulty of accommodating, and of cooling adequately, 
a number of valves arranged in a small cylinder block, and is being over- 
come to some extent by cylinder block design and more attention to valve 
tappet clearance. The cylinder wear problem has long been a trouble, and 
the excellent work as to its causes on the part of the Research and Stan- 
dardization Committee of the Institution of Automobile Engineers is now 
directing attention to obvious remedies."* Other work of interest in this 
connection is that of the Institution of Gas Engineers ™ and certain 
German work.!5 

Piston development has nét been of particular interest, although the 
usual number of patent designs and special alloys have cropped up. A 
ringless piston has been put forward,'® and the tin plating of pistons is 
described in an American journal.'? Some American makers are also 
using pistons coated with aluminium oxide, with the idea of producing a 
harder and more durable surface ; this idea is known in Great Britain also.'* 
The chromium plating of piston rings has been suggested, also with the 
idea of wear reduction. The trend towards higher speeds and greater 
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pressures has called for some study of bearing metals, and the lead—bronze 
allovs are receiving consideration.’? 

Valve design, by comparison with the aero-engine progress, has been 
more or less stationary, despite the considerable research made in this 
connection during the year.2*** In all probability the work described *°-*%.28 
will stimulate design. 

Lubrication system practice inclines almost entirely to full pressure 
systems with pressures of 20 Ib. /sq. in. to 60 lb./sq. in. maximum. Isolated 
ases of oil cooling, or conversely oil heating (for rapid warming in cold 
weather), have been noted, but there is no general tendency towards such 
refinements, despite the fact that crankcase oil temperatures of 80-90° C. 
are by no means uncommon with small multi-cylinder types, and that 
poor oil circulation when warming up is known to be a major factor 
contributing to cylinder wear. 

Oil cleaners, in addition to the ordinary filters, by-passed into the main 
oil flow, appear on most engines to-day. 

In carburation the most important innovations are the installation of 
automatic choking devices for starting and warming up—these being 
thermostatically controlled from exhaust manifolds. Current views on 
carburation and lubrication problems are available.°°™ 

Supercharging still remains the prerogative of the racing car, but whether 
the everlasting race for supremacy between the makers of the medium- 
priced 14- to 2-litre types will presently necessitate its general use remains 
tobeseen. Inthe writer's opinion there is a fair field for a device providing 
a moderate degree of supercharge which can be controlled independently. 
The smooth running at low engine speeds, when the supercharger is not 
in use, conferred by the relatively low compression ratio, would undoubtedly 
be an advantage, whilst the reserve power available from the use of the 
supercharger would provide a most desirable liveliness and acceleration 
when needed 

Figures given by the makers of one American engine state that from 
an eight-cylinder engine of 76 x 120 mm. with compression ratio of 
65:1, 148 h.p. is delivered at 3900 r.p.m. when supercharged, and that 
the same engine, unsupercharged, develops 113 h.p. at 3500 r.p.m. with 

1 C.R. The B.M.E.P. of the engines respectively at 2700 r.p.m. 
ure 125-75 Ib./sq. in. and 96 Ib./sq. in., or a 30 per cent. advantage for the 
supercharged type; this comparison is not very exact, since the com- 
pression ratio is higher for the supercharged engine. It serves, however, 
to indicate what supercharging can effect with a car engine. 

Registration returns make it clear that very few Continental cars are 
in use in Great Britain to-day, perhaps 3 per cent. of the total, and that 
the American car is by far the most popular non-British machine. Con- 
tinental machines approximate our own in design, although engine sizes 
tend to be somewhat larger in a number of cases. Compression ratios and 
crankshaft speeds, however, are very similar. Nothing of great importance 
or novelty is revealed in 1934 Continental engine practice. 

The enormous numerical superiority of the U.S.A. accounts for the fact 
that so many references are made in the bibliography to American work. 
Europe, however, has her fair share of contributions, and in concluding 
this section reference should be made to the following :— 
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In connection with motor cycles—* Piston Temperatures,” *5 the phe. 
nomena of combustion and detonation by Boerlage and Van Dyck,** and 
other papers and articles.** 58 

“ Problems in the Development of a High-Speed Engine ” * is of interest, 
whilst useful and instructive pictures of what the modern car can do and 
the methods whereby its performance is estimated are available.” 

Finally one or two novel engines, which as yet are not commercial 
entities may be cited, viz. :— 

The Jameson supercharged two-stroke from which 50 h.p. from 475 cc. 
and 120 b.h.p. from 995 c.c. are claimed at 5500 r.p.m. This engine has 
an 8 lb. /sq. in. supercharge pressure, and employs ports in the combustion 
chamber controlled by a piston valve. Crankcase induction is eliminated 
A description appeared in the “ Motor Cycle ” 4/1/34. 

The McLaren-Lewis rotary valve, which incorporates a rotary cast iron 
sleeve with valve ports running the length of and superimposed on the 
cylinder head. It was stated that the 6-litre engine developed 83 b.h.p 
at 2300 r.p.m. This is an Australian invention, but does not appear to 
have been taken up over in Great Britain. 

The Northey Rotary is a crankless engine in which, on a two-stroke cycle, 
the expanding gases drive geared rotors. The interior of this engine has 
certain similarities to a Roots type supercharger and a turbine, although, 
unlike a turbine, it does not operate under continuous pressure. Beyond 
the fact that this engine has been running, little information is available 
at present. 

The Zoller twelve-cylinder supercharged two stroke has six combustion 
chambers, which are open to two pistons each. Pistons have separate 
connecting-rods, but are coupled in pairs (one connecting rod articulated 
to the cranks. One piston in each cylinder controls an inlet port, whilst 
the other controls the exhaust port—thus permitting efficient scavenging 
It is said that 200 h.p. is obtained from a 1500-c.c. engine at 5500 r.p.m 
and since volumetrically this engine can accommodate the gas supply of a 
6000-c.c. four-stroke, it is probably correct. Roller bearing big-end and 
main bearings are employed. A special racing chassis is built for this 
engine, and Zoller racing cars will probably be seen, and watched with keen 
interest if they appear, in this year’s racing events. 

Motor Cycles—The motor-cycle industry has suffered considerably in 
the last few years, presumably on account of the universal depression and 
its effect on employment, the majority of motor-cycle users to-day being 
of the working-class. Additionally the enormous number of small second- 
hand cars available now at anything from five pounds upwards has alienated 
many motor cyclists from their old loves. 

The industry to-day reports improved business, and at the last Motor 
Cycle Exhibition at Olympia several interesting units were seen. 

The modern motor-cycle engine is relatively considerably more efficient 
than its contemporary in the motor car. 

Motor-cycle engine compression ratios vary mainly between 6:1 and 
8: 1, and it is the practice of many manufacturers to supply several types 
of piston, or conversely plates for raising the cylinders, for their models. 
It is almost impossible, therefore, to estimate the probable average com- 
pression ratio of the machines on the road to-day. Generally speaking, 
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a 75 octane number fuel should satisfy most touring or sports machines. 
For racing purposes, except in the T.T., where nothing beyond a 50/50 
mixture of No. 1 gasoline and benzole is allowed, alcohol fuels are nearly 
always employed. 


COMMERCIAL VEHICLES. 


In this field the diesel or compression-ignition has made very considerable 
progress, and it is probable that half of Great Britain’s present production 
of vehicles of over three tons carrying capacity are fitted with C.I. engines. 

It is not intended to enter into a discussion of the merits of C.I. and 
gasoline engines here. From the maintenance point of view, the C.I. 
engine now compares equally with the gasoline motor, and, whilst the 
present system of fuel taxation continues, is likely to make further headway, 
despite its somewhat greater initial cost. 

Heavy vehicle gasoline engines did not show any remarkable develop- 
ment during 1934, although it can be said that minor improvements in 
design and material have effected some increase in power output and 
general reliability. British commercial vehicles, as vehicles, present a 
picture of continuous development, and they retain world-wide respect. 
Chassis details, however, are outside the scope of this Report. 

Light commercial vehicles and vans carrying from 7 to 30 cwt. are 
usually engined with similar units found in the light cars discussed in 
another section, the makers of the cars in most cases being also the makers 
of the commercial vehicles. Heavy vehicles are usually produced by 
firms making commercial vehicles only. 

Engine outputs vary from 40 b.h.p. for a 2 to 2}-ton vehicle to 130 h.p. 
in the case of the large 6 to 7-ton machines. Six-cylinder engines appear 
to be equally popular to the four-cylinder type, especially for the larger, 
and passenger carrying, chassis. Maximum crankshaft speeds approximate 
3000 r.p.m. on the average, compression ratios ranging from 4-4:1 to 
58:1. Both side and overhead valves are found, the latter, if anything, 
being the more favoured type. Aluminium alloy pistons are in general 
use, and, except in matters of dimension, weight and crankshaft speed, 
commercial vehicle gasoline engines follow car engine details. 

Although there are many less commercial vehicle manufacturers than 
there are car makers, they produce between them an enormous number of 
different engines, since the demand for specialized chassis appears infinite, 
and it seems customary to provide a type for every conceivable purpose. 
Three of the larger British concerns catalogue no fewer than 168 different 
types of vehicle between them, and fit over thirty different types of engine 
altogether. Whether this practice is economical and justified by demand 
seems doubtful, and it is noted that one of our most prosperous concerns 
confine themselves to three engine types only, two of which are four- 
cylinder models. 

Any detailed discussion of gasoline commercial vehicle engines would 
be redundant, and those wishing for details are referred to the excellent 
and comprehensive reviews in the Commercial Motor, 14.12.34, No. 1552, 
Vol. LX, and sister journals like Motor Transport. 
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Compression Ianition (C.I.) ENGINES. 


British manufacturers have made rapid progress, and may be said now 
to be at least on a level footing with Germany, whose earlier entry into the 
field had conferred some advantage upon her. The principal Britis} 
makers all produce four-stroke engines, the majority of which incorporat 
dual, or pre-combustion chambers. An interesting A.E.C. feature is th 
provision of slots in the cylinder head, between adjacent cylinders, to 
permit independent expansion. These engines are produced in four- and 
six-cylinder models between 75 h.p. and 130 b.h.p., crankshaft speeds being 
1700-2500 r.p.m. maximum in most cases and exceeding 3000 r.p.m. in 
certain instances. 

The Albion Company also manufacture a Ricardo engine modified t 
their particular needs. 

Gardner engines, apart from having direct injection, are of unique design 
in so far as commercial vehicles are concerned, in that their cylinders are 
mounted singly, and two-, three-, four-, five- and six-cylinder engines are 
built up from similar cylinder units according to the power required. 

The Perkins engine calls for special notice, in that it is the only small 
C.I. engine available to-day, and has a maximum engine speed of 3000 r.p.m 
This engine is meeting with considerable success in light vehicles ; there an 
four types of 2-2, 2-42, 2-8 and 4 litres capacity, respectively. The high 
rotational speed is attained by a particular method of injection, which is 
designated as “ Aeroflow,”’ and for which it is claimed that the direction 
of air flow during compression coincides with that of the fuel spray, providing 
an early directed flow with ample time for proper fuel combustion. 

Armstrong Saurer have recently produced a new head in which a doub\ 
air swirl is provided by deflectors on the inlet valves which set up horizontal 
rotational swirl of great velocity (7000-8000 r.p.m.). The direction of 
swirl is translated to the vertical by the rising piston, with a resultant 
spiral movement. Fuel injection is downward from a central position 
Elimination of knock and of oil dilution by fuel are claimed, and in addition 
thermal efficiency is said to increase 33} per cent., i.e. a gain of 20 h.p 
at 1800 r.p.m. and a decreased fuel consumption of 20 per cent. with a 
normal 110-h.p. engine. The pistons of these engines have a peculiar 
heart-shaped cavity in their crowns for inducing air-swirl and providing a 
combustion chamber. 

Crossley are now making a relatively small engine of 3620-c.c. capacity 

a four-cylinder type incorporating the Ricardo head and employing an 
exceptionally high compression ratio of 20:1. This engine develops 
48 b.h.p. at 2000 r.p.m., and is an addition to their range of larger sizes 

Dennis have adopted the Lanova (German) patent head, wherein fuel 
injection is horizontal across the combustion chamber directed to the 
venturi opening of an air chamber on the opposite side of the cylinder, this 
air chamber having two compartments, one of which can be closed by a 
lever, thereby providing a higher compression ratio to give easier starting 

The rest of the engine is of Dennis design, and incorporates an interesting 
big end assembly split at 30° to the vertical, which permits a shorter and 
lighter connecting rod, which can be removed upwards through the cylinder 
bore if desired. Compression ratio in this case is 12-5: 1. 
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The latest Dorman has Hiduminium cylinder heads, and develops 
0 b.h.p. at 2400 r.p.m. from six cylinders with 6324-c.c. total capacity. 
Aluminium—bronze valve-seats are inserted. 


L1¢ 

ode Leyland engines incorporate direct injection with cupped-type piston. 
British Steel connecting rods with aluminium alloy big-end bearings are now used 
rporate § i2 place of the aluminium alloy connecting rod bearing direct upon the 
is th shaft 

ers. to Foreign C1. Engines.—Germany is by far the most advanced, and among 
ir- and fy the better known makers are Mercedes-Benz, Junkers, M.A.N., Krupp, 
s being | Humboldt-Deutz, Henschel and Bussing N.A.G., practically all of whom 
).m. in | employ pre-combustion chambers rather than direct injection. 


In all, Germany has thirteen manufacturers of C.I. engines producing 
fied to i fifty-five types between them. Unusual types are the Junkers double- 
opposed piston two-stroke design and the Krupp four-cylinder horizontally 


lesign, § opposed air-cooled four-stroke, which incorporates an air compressor for 

‘rs ap | both induction and cooling purposes. This latter engine, of 3456-c.c. 

es are | capacity, has a compression ratio of 17: 1 and produces 49 b.h.p. at 2300 
r.p.m. 

small A typical German engine, the Mercedes-Benz, produces 95 b.h.p. from a 

r.p.m six-cylinder engine of 110 x 120 m.m. bore and stroke at 2000 r.p.m., with 

re are & @ power weight ratio of 14-4 1b. per b.h.p.; this with a compression pressure 

» high & of 450 Ib. sq. in., a maximum working pressure of 640-700 lb. sq. in., 

‘ich is and B.M.E.P. of 97-100 Ib. sq. in. 

ction The M.A.N. piston is unusual in possessing a flanged top which prevents 

iding § the fuel spray from reaching the cool cylinder walls and aggravating 
dilution of crankcase oil in addition to promoting turbulence. 

oub\ The influence of welded steel construction in the outer parts of German 

ontal engines is noticeable. 

yn of An excellent report on German C.I. engines appears in the Automobile 


lItant § Engineer for July 1934. 
France does not display the same variety of C.I. engines as do either 





Ito 
tien Great Britain or Germany, and the best known makes there appear to be 

h.p Berliet and Renault. 
ith a Berliet employ an Acro type head with the consequent cupped type 
uliar @ piston. Renault, on the other hand, use direct injection and a flat-topped 
ing a piston. 

. The C.I. engine is understood to be going ahead in the U.S.A., but at 
city present very few of their engines are seen in Great Britain, and specific 
y an § details of design and performance are not to hand.“ 
lops One interesting American engine is that of the International Tractor, 
Sane which, by a variation of compression ratio, permits the use of gasoline as 
fuel an alternative fuel. Other American engines are Hercules, McCormick 

the Deering and Waukesha Comet. 
this General. A general survey of the C.I. engine position indicates that 
or @ direct injection is not quite so popular as pre-chamber design, and that 
ing average crankshaft speed is around 2000 r.p.m. maximum. Connecting- 
hing rod and big-end bearing design have improved considerably, and the use 
and of lead—bronze or aluminium alloy bearings is very general: aluminium 
der alloy pistons too are general. Most engines are governed for maximum 


r.p.m., and the Bosch fuel injector pump is almost universal. In this 
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country the C.A.V. Company are now successfully manufacturing the 
Bosch pump. 

Operators are now becoming aware of the great importance of the 
efficient maintenance of fuel pumps and injectors, realizing that their 
adjustment and repair is a matter for especial skill, and it is probable that 
all fleets in future will develop personnel and equipment for this purpose, 

Compression ratios to-day vary from 12-5:1 to 20:1, according to 
combustion chamber design and the starting qualities of the engines. 

Lubrication systems are, of course, very similar to those of gasoline 
engines. Lubricants, ‘however, especially in the case of pre-combustion 
chamber designs, are generally thinner, since combustion products (mainly 
soot) tend to thicken the oil rapidly—cold starting, too, has to be con. 
sidered. In isolated cases, where direct injection is employed and a certain 
amount of “ dribble ’’ occurs, thicker oils are needed on account of the 
high diluent factor. In general, however, the C.I. engine prefers a 
lubricant of a viscosity similar to that recommended for motor-car engines 
(gasoline) in very cold weather. It is advisable with most C.I. engines to 
completely change the crankcase oil at 1000 to 2000 mile intervals. 

It is of great interest to note that some hundreds of the London L.P.T.B. 
buses are now fitted with C.I. (mostly A.E.C.) engines, and Mr. N. Mitchell’s 
paper on this subject is illuminating.“ Further information on operation 
is available,*® 46 whilst injection systems, air swirl (turbulence) and com. 
bustion are respectively dealt with by Davis and Giffen,*? Alcock * and 
Rothrock.” 

Marine Engines—Small.—Since quite a number of vehicle-engine manu- 
facturers produce a unit for small pleasure craft and fishing-boats, they 
should perhaps be commented upon. 

In general, such engines range from the outboard, two-stroke gasoline 
type of very low horse-power (2 to 4) to gasoline or C.I. units up to some 
200 h.p., and do not differ materially from road vehicle engines in essentials, 
although, since it is relatively less important, weight per h.p. is usually 
higher. Aluminium alloys for external parts are, of course, less in evidence, 
on account of the corrosive action of salt water. 

Kerosine-burning types appear in this section, and they, naturally, are 
built with much lower compression ratios than other types. In this 
connection the low water-jacket temperatures of marine engines tend to 
add to the difficulties of effective vaporization, and cases of fouled spark 
plugs and badly diluted crankcase oil are by no means infrequent, especially 
with small fishing vessels which habitually drift for long periods with 
engines idling or throttled right down. 

Mr. Pendrell’s paper, “Small Marine Engines,’ reviews the present 
situation admirably.” 
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THE OIL ENGINE. 


By Ourver Trornycrort, O0.B.E., B.A., M.1.Mech.E. 









Road Vehicles. 









AMONG new developments of the oil engine none has been more rapid 
than its application to road transport. This is the more remarkable when 
t is considered that, in order to achieve success in that sphere, the oil 
ngine has been in direct competition with the recently much-improved 
ytrolengine. So far, however, the use of the oil engine has been restricted 
tothe commercial type of vehicle. For reasons that will be discussed later, 
the oil engine, with its ignition by means of high compression, is inferior 
tothe petrol engine for the smooth propulsion of motor cars. 

Of the 600,000 commercial vehicles, both passenger and goods, in use in 
Great Britain, rather more than one per cent. are oil-engine driven. This, 
it first sight, seems but a small proportion, but it gains importance from the 
fact that no very small oil engine has so far been produced, and, in con- 
sequence, the light-van type of vehicle, which constitutes a large pro- 
portion of the commercial vehicles, as yet remains petrol-driven. Experi- 
ments have shown that a small four-cylinder oil engine of 14 h.p. R.A.C. 
rating can be produced, and it seems probable that, before long, the small 
ommercial vehicle, including the taxicab, may be driven by the oil engine. 

The most striking advance in the use of the oil engine is in the passenger 
long-distance coach. In Great Britain about 35 per cent. of the motor 
coaches are now fitted with oil engines. Of the passenger buses in this 
country about 10 per cent. are oil engine driven. 

The total number of oil-engined vehicles in use in Great Britain has 






















increased as follows : 








Taste I. 










1932 June 700 vehicles 
1933 ,, 2000 - Per cent. increase 185 
1934 5300 m - o” 165 















A slightly diminishing geometrical rate of increase is shown. If the 
rate diminishes no niore rapidly than this, then in three years’ time, at the 
beginning of 1938, there will be 100,000 oil-engined vehicles on the roads 
in Great Britain. Should this occur—and it seems very probable—the 
effect on the consumption of petrol will be appreciable. In Great Britain 
it the present time (January, 1935) there are about 600,000 commercial 
vehicles in service. Since it is, however, in the larger types of vehicle that 
the change to oil-engine propulsion will at first be made, the consequent 
modification of fuel requirements will not be proportional to numbers of 
vehicles, and the effect on the consumption of petrol will be greater than 
might at first appear. At present about two-thirds of the petrol used in 
Great Britain is consumed in commercial vehicles. It therefore seems not 
unlikely that Great Britain’s consumption of petrol may, within the next 
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three years, begin to decrease, whilst the consumption of gas-oil in road 
vehicles may have increased more than twenty-fold. 

There was, until recently, a marked cautiousness in Great Britain jp 
adopting the oil engine, although its technical possibilities were already 
proved. This was largely due to uncertainty as to future taxation. The 
advantage in fuel consumption shown by the oil engine leaves no doubt 
of its ultimate supremacy over the petrol-driven vehicle for uses where 
economy in running costs is of first importance. 

The experience of a large concern operating about 5000 buses, which 
has nearly 10 per cent. of its vehicles oil-engine driven, is shown by the 
figures that follow. The figures relate to a thirty-two-seater bus in running 
60,000 miles representing one year’s service. 


Taste IT, 








Petrol-engined Oil-engined 
vehicle. vehicle. 

Miles per gallon . ‘ 6-75 13-5 
Fuel Cost ‘ : , ; . £518 £83 
Vehicle Tax . ; ‘ ‘ . £57 £88 
Maintenance . : : . ; £550 (approx.) £620 (approx. 
Depreciation and Interest : ‘ £250 (approx.) £325 (approx.) 

Saving shown by oil-engined vehicle , ' . £259 

Saving per vehicle mile (60,000 m.) , . - 1-03 pence. 


Note.—The above fuel costs include the taxes of eightpence per gallon on petrol 
and one penny per gallon on gas-oil, the prices of the fuels being, respectively, fourteen 
pence and 4-5 pence per Imp. gallon, including these taxes. 

The proposed imposition in Great Britain of an additional tax on gas-oil of sevenpence 
per Imp. gallon would have the effect of modifying the first two items of cost in the 
last column of the above table as follows :—Fuel cost would become £212, the vehicle 
tax would become £57, and the annual saving in favour of the oil-engined vehicle 
would be £161 or 0-64 pence per vehicle mile. 


Which of the many forms of combustion chamber is the most economical 
remains as yet undecided. In many mechanical features oil engines are 
similar to petrol engines. Piston speeds in both types generally reach an 
economic maximum at about 2000 ft. per minute. Owing to the higher gas 
pressure that occurs in the oil engine, it has been found that harder materials 
are needed for the cylinder liner. Until this was realized, excessive wear 
was found to occur in oil engines due, mainly, to the intensity of outward 
pressure by the piston rings on the cylinder. Developments in the 
technique of hardening cast-iron have undoubtedly been stimulated by the 
advent of the high-speed oil engine. As a result, the rate of wear of the 
cylinders of oil engines is now as low as, and often lower than, it was about 
three years ago in petrol engines. 

Another development that has been accelerated by early difficulties with 
the oil engine has been the production of harder bearing metals. Copper- 
base and cadmium-base alloys are being used where previously tin-base 
white-metal had been employed. The bearing materials that are coming 
into greater use are not only harder, but, what is more important, they 
maintain their strength and resistance to cracking by fatigue at higher 
temperatures than do tin-base alloys. 
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The combustion-chamber of the oil engine is as yet less fully standardized 
than that of the petrol engine. It seems, at length, to be agreed that 
rapid movement of the air is as necessary for distributing the fuel during 
injection in an oil engine as it is for spreading the inflammation in a petrol 
engine, if the oil engine is to operate over a wide range of speed. In 
both oil and petrol engines two quite different means are employed to gain 
sufficient movement of the air. The necessary energy can be imparted 
during the suction stroke, in which case some loss of volumetric efficiency 
and power is to be expected, or the turbulence may be produced during 
compression of the air by forcing it through a narrow orifice or throat, and, 
in this case, there is a loss of thermal efficiency by reason of the heat loss 
while the burning gas issues from the throat. 

In various successful high-speed oil engines, both means of gaining 
turbulence, or swirling of the charge, are employed. On the suction stroke 
a tangential component is given to the direction of the entering air, and 
during compression it is forced into a chamber of less diameter than that 
of the cylinder. Since the moment of momentum of the rotating air tends 
to remain constant, work is therefore done on compression, and this raises 
linear velocity of rotation. It will be seen, however, that the “swirl ”’ is 
imparted primarily on the suction stroke of the engine. This system is 
illustrated in diagram (a) of Fig. 1, showing the Leyland construction. 

The type of engine in which the “ swirl” is given to the air entirely on 
the compression stroke is illustrated in Fig. 1 by diagram (6), which shows 
the arrangement of the Ricardo “Comet” combustion chamber. This 
construction is used by a number of manufacturers of vehicle oil engines 
in production in Great Britain, Italy, France, U.S.A. and Denmark. In 
this design, the “‘ throat ” to which reference has already been made is, in 
effect, insulated so that heat, which is transferred to the throat during 
combustion, is imparted to the next charge of air in the latter stage of its 
compression. Although this is thermodynamically unsound, the effect is 
to shorten the delay in ignition as the engine speed is increased. For this 
reason, the engine will operate and give a high output of torque over a 
wide range of speed without the need for variation of the timing of fuel 
injection. 

There is another means employed to gain turbulence of the charge, and 
that is the “ pre-combustion ” type, which is much favoured in Germany. 
The scheme is shown in diagram (c) of Fig. 1. In France also this system 
is used, but in Great Britain its competition is at present negligible. In the 
pre-combustion engine a small part of the air, generally between 25 and 40 
per cent. of the whole, is compressed into a separate chamber communicating 
with the cylinder by several small holes. When the fuel is sprayed into 
this chamber, combustion commences, but cannot be completed (except 
possibly when the engine is idling) owing to lack of sufficient air. Normally 
the bulk of the fuel is discharged, together with burning gas, into the 
cylinder, and there meets the main body of air. Violent turbulence ensues, 
and the distribution of fuel takes place very much in the same way as it 
does in the air-injection engine. This system has much to recommend it, 
but so far it appears to give less power, from a given cylinder size, than the 
type with a separate chamber to contain the bulk of charge, and a lower 
fuel economy than the open chamber engine. 
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The three main types which have just been described are exemplified 
» the engines named in Table ILI. 


Taste IIT. 








{ir movement imparted primarily. Manufacturer's name. Patentee’s name. 
,: suction stroke (open chamber) Gardner 
- Armstrong Saurer 
Leyland 
‘ = - - Brotherhood Ricardo 
ompression stroke (** Comet ”’) Assoc. Equipment 
Dorman ” 
Albion 
Crossley Motors a 
- - - FIAT o” 
in combustion by “* pre-combustion ” Mercedes-Benz 
Deutz 
M.A.N. 
Note.—The last-named firm is now trying-out the Ricardo **‘ Comet ”’ type. 


In U.S.A. the development of the high-speed oil engine has been de- 
iyved on account of the abundance there of cheap petrol. Various large 
manufacturers, however, are now turning their attention to the oil engine 
for road and rail vehicles and for many other purposes. The choice of 
type appears to be leaning towards that in which swirl is produced during 
the compression stroke. 

It is only in Germany that oil-engine development has been as early 
uwried out as in Great Britain. Practical research into the problems of 
the high-speed oil engine has been going on longer in Germany than in 
ny other country. The type of engine most generally employed is that 
having the ‘ pre-combustion ” chamber. 

In France, as in Italy, development of the small oil engine has only 
recently gathered way. In both countries all of the three main types of 
ngine are being constructed, but interest now centres mainly on the 
ompression-turbulence type, on account of its high specific output of 
power. 

For road vehicles the matter of fuel economy of the different types of 
il engine is of small importance. The difference in any case is not greater 
than 7 per cent., and if the figures in Table II are examined, it is seen that 
this amounts to less than £6 per annum in a total of more than £1100. 
In other words, the oil engine with the “ open ’’-type combustion chamber 
shows an advantage in running costs, by virtue of its low fuel consumption, 
f only one-half of one per cent.* If by reason of its lower volumetric 
eficiency, a larger engine is needed to obtain the required power, then the 
initial cost of the vehicle is likely to be higher, and the item for interest, 
even if no other charge is affected, will be higher and the saving disappears. 

A glance at Table II will show that, in comparing the merits of oil engines 
for commercial vehicles, it is on low first-cost and on durability that the 





* If the proposed new tax in Great Britain of eightpence per Imp. gallon of fuel be 
taken into account then the advantage shown by the open chamber engine amounts 
to less than 14 per cent. 











482 PROGRESS OF NAPHTHOLOGY, 1934. 


choice should depend. High-speed oil engines are now being sold in Great 
Britain for about £4 per H.P. and weighing 10 lb. per H.P., the power being 
measured at the limit of clean-exhaust and at a piston speed generally g 
little below 2000 feet per minute. 

Improvements of detail in combustion-chamber design are resulting in 
reduced sensitivity to the ignition quality of the fuel. At the same time, 
better fuels, having lower ignition temperatures or higher cetene values, 
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Fic. 2. 


TORQUE DIAGRAMS DUE TO GAS-PRESSURES IN OIL ENGINE AND PETROL ENGINE. 


have been made available. When the full effect of these improvements has 
percolated into production designs, the oil-engined vehicle will become 
less noisy than it is at present. 

There are certain fundamental reasons, referred to at the beginning of 
these notes, that discourage the use of oil engines for the propulsion of 
motor-cars. The reasons relate to vibration and acceleration. Since the 
oil engine (with the notable exception of the Hesselmann engine) relies 
for ignition on the high temperature and high density of the air given by 
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compression, it is evident that the incoming air must not be greatly throttled. 
Air throttling up to a certain point may actually accelerate ignition, because 
the work done on the air slightly raises its temperature before compression 
begins. Within certain rather restricted limits the raising of temperature, 
due to throttling, more than compensates for the increased ignition delay 
caused by the consequent reduction of density. With this qualification 
it may be said that the oil engine must run unthrottled, and its gas pressure 
diagram, and therefore its torque diagram also, is far more peaky than 
that of the petrol engine. This difference is particularly marked at partial 
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TORQUE DIAGRAMS DUE TO GAS-PRESSURES IN OIL ENGINE AND PETROL ENGINE. 


loads and at idling. Since in a motor-car the load factor is, on the average, 
about 30 per cent., the difference in the torque diagrams is of great im- 
portance. Typical diagrams are shown in Figs. 2 and 3. 

ach curve in Figs. 2 and 3 shows the torque given to the crankshaft 
due to the pressure in one cylinder. The part of the cycle represented is 
180°—that is, one-quarter of the full cycle—and extends from near the end 
of compression to near the end of expansion. It is the total change of 
torque that is proportional to the impulse tending to vibrate the engine 
torsionally in its mountings. Under full load conditions (Fig. 2) the curve 
for the oil engine shows a change of torque from minus 80 to plus 165, or 
245 lb. in. per cubic inch of single cylinder capacity. In the petrol 

LL 
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engine the corresponding value is only 125 lb. ins. The torque change is, 
therefore, 95 per cent. greater for the oil engine than it is for the petrol 
engine of equal cylinder size, when each is at full load and both are develop. 
ing the same power. Under the more normal road running conditions 
represented by one-third load, the torque fluctuations (due to the cylinder. 
pressure changes) are of much greater difference. Under this condition 
of load, the torque variation is shown (Fig. 3) to be 34 times as great in the 
oil engine as it is in the petrol engine. The smooth torque curve of the 
petrol engine at light load is due mainly to the fact that the induction air 
is throttled. 

Torque variations of an engine supported in a light structure like a 
motor-car are difficult to disguise and impossible to suppress. As the 
diagrams show, the oil engine is intrinsically less “‘ smooth-running’ 
than the petrol engine. Furthermore, due to its higher compression, 
the oil engine requires either a larger, or a heavier, flywheel to enable it 
to idle as slowly as a petrol engine. A flywheel of greater inertia detracts 
from vehicle acceleration, and high acceleration is of first importance in a 
motor-car. The petrol engine is therefore unlikely to be supplanted in 
motor-cars by the oil engine, unless some new method of ignition, allowing 
throttling at light loads, is discovered. 

In the Hesselmann engine, which is “‘ smoother running " due to its lower 
compression and which burns gas-oil effectively, electrical ignition is em. 
ployed. The system is necessarily expensive, needing as it does both 
injection and ignition equipments. The history of engineering teaches 
that the mechanism of minimum complication has generally survived the 
more complex one, and the progress of the oil engine, with its simple 
compression-ignition, seems likely to repeat the same lesson. 


LOCOMOTIVES AND Ram. Cars. 


After what has seemed a long delay, the oil engine is now being tried out 
for railway propulsion. The steam locomotive served well for a hundred 
years, until increasing populations working in the cities raised the trafix 
density on suburban lines until it could no longer be handled by steam 
engines. A higher train acceleration was needed, and electrification, with 
stationary sources of power, offered a good solution. By this means it has 
been found economic to furnish trains with as much as 10 B.H.P. per ton 
of gross load, and this power, with electric transmission which provides a 
continuously variable torque control, has resulted in an acceleration equal 
to that of a high-powered motor omnibus. 

However, outside the suburban areas the initial costs and the mainten- 
ance charges of electrification cannot be justified by the present traffic or 
by any possible increase to be expected for a long time. Nevertheless, 
the competition of a rapidly developing road transport made it essential 
to effect economies in railway operation, in order that fares and freights 
might be reduced without incurring a disastrous loss. 

In a paper presented by Col. Fell just two years ago, before the Institution 
of Mechanical Engineers,” the following significant passage occurred :— 


“ Rail transport has still by far the highest mechanical efficiency of 
any system of transport yet discovered. As proof of this it should be 
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noted that it is now usual in this country to provide engines of ten times 
the horse-power to move a given load by road than is found necessary 
on the railway at the same average speed. . . . It is now generally 
recognised that the expansion in volume and increase in speed of road 
transport has been obtained at the expense of safety. No improvements 
in vehicles which the engineer can make are likely to effect a reduction 
in the number of road accidents. . . . These facts set a limit to the extent 
to which the development of road transport is in the interests of the 
community.” 


It is evident that the significance of this statement has increased in the 
course of the two years since it was written. The high mechanical 
efficiency of the railway, combined with the high degree of safety pro- 
vided for passengers, are, in themselves, a sufficient guarantee of the 
continuance of the railways as a means of transport both for passengers 
and freight. 

Oil-engine driven trains and rail-cars have been tried, notably in France, 
Germany, Denmark and the U.S.A., and these experiments have shown 
that far higher average speeds can be safely maintained on the railway than 
are possible on any road that may be open to general traffic. 

In Great Britain experiments in the use of oil engines have been cautious 
to a degree. A number of shunting locomotives fitted with oil engines 
of about 150 H.P. have been put into service on the L.M.S.R. Several 
more locomotives, designed for the same purpose, but with 300 H.P. 
il engines running at 675 r.p.m., are on order for the same railway. These 
latter and larger locomotives all have electric transmission. The ease of 
control and the very high tractive effort provided by electricity no doubt 
fully justify the comparatively high first cost that electric transmission 
involves. The cost of each locomotive of 300 B.H.P. is said to be £5000. 

The results obtained by the L.M.S.R. have shown that economies are to 
be effected by using oil engines for shunting. 

Rail-cars, for express passenger service, have been tried by the G.W.R. 
in which an oil engine of the road vehicle type is employed. The engine 
has an output of 130 H.P. at its full rated speed of 2250 r.p.m., some of the 
ars being fitted with one and some with two engines. Mechanical trans- 
mission with a Wilson epicyclic gear-box is used in this design. 

An experiment with rail-cars has been made also by the L.M.S.R. The 
power and engine speed in these vehicles are similar to those of the cars 
just described, but instead of a mechanical gear-box, an hydraulic “ torque- 
converter ’’ is employed. The L.N.E.R. have acquired two rail-cars, oil- 
engine propelled, each with a maximum power of 250 H.P. 

In Germany the success of the oil-engine train running between Berlin 
and Hamburg has led to the decision to run a similar train on the much 
more difficult route, owing to the gradients, between Berlin and Frankfurt. 
The service also from Berlin to Cologne will, before long, include oil- 
engined trains. The engines used in these trains are of 410 B.H.P. at 
1400 r.p.m. with twelve cylinders in two lines of six, forming the conventional 
V. This V-type construction is likely to be used very generally in the 
future as larger powers are demanded. The crankshaft need be little 
heavier or more expensive than that of a six-cylinder “in-line ” engine 
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developing only half as much power as the twelve-cylinder V. With the 
object of increasing the power in the German trains, supercharging is to 
be tried. Exhaust-driven turbines will drive the blowers needed to com. 
press the air. It is hoped by this means to raise the maximum power of 
the present engines from 410 to 600 horse-power. According to the Rail. 
way Gazette,® the M.A.N. Company is to supply an eight-cylinder super. 
charged oil engine for a locomotive to develop 1400 H.P. on a one-hour 
rating. 

In France the use of the oil engine on railways has developed very 
rapidly indeed. The rail-car manufactured by the Renault Company 
fitted with a 250-B.H.P. twelve-cylinder V engine and with mechanical 
transmission, is reported to be very satisfactory, though it is at present 
expensive in first cost. 

An experiment has been made with a pneumatic-tyred, oil-engined 
rail-car. It is said that the comfort, and particularly the silence, of 
travelling in this vehicle has to be experienced before it can be sufficiently 
appreciated. 

More than one hundred rail-cars are said to have been constructed in 
France during 1934. The P.L.M. Company is reported to be ordering two 
locomotives of very high power with oil engines respectively of German 
and Swiss designs. 

In Canada the C.N.R. has employed oil-engined rail-cars now for many 
years, and this railway was among the first pioneers in the development 
of these vehicles. 

The oil engine on railways has appeared in the U.S.A. on a scale befitting 
that large country. On the Union Pacific Railroad, a six-car train, of light 
construction, has been run from Los Angeles to New York at an average 
speed of 57 miles per hour. The single engine is rated at 900 H.P. at 
700 r.p.m., and is of the twelve-cylinder V construction. This engine is 
unusual and of particular interest in that it operates on a two-stroke cycle 
A similar engine, but with sixteen cylinders, is reported to be under con. 
struction for use in heavier trains. 

In Italy and in Russia the use of the oil engine on railways is being 
rapidly developed. A large number of rail-cars, similar to those in use on 
the G.W.R., have been ordered by the Italian Railways, and it is reported 
that a three-car oil-engined train, with two 400-h.p. oil engines, is shortly 
to be constructed in Italy. In these trains electric transmission is to be 
used, 

Possibly the greatest success in oil-engine rail traction is that which has 
been achieved in Denmark. The engines have been built by the Frichs 
Company, and the reliability and “ availability’ of these locomotives 
have been found to be as high as those of the best steam engines. 

It is probable that in Denmark the oil engine will soon completely replace 
steam as the means of propulsion on railways. 

Enough data have already been accumulated to show that great savings 
in running costs are to be effected by employing the oil engine on railways. 
Fuel costs on the British railways could be reduced by as much as 50 per 
cent. The fact that this is achievable, in spite of the low price of coal in 
the British Isles, illustrates the immense superiority of the oil engine, 
comparison with the non-condensing steam engine, in the matter of fuel 
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economy. While the brake thermal efficiency of the oil engine is 35 per 
cent., that of the steam locomotive is, on the average, no greater than 7 per 
cent. Reductions in repair costs, running shed costs and in firemen’s 
jabour are recognized as economies that will follow the introduction of the 
oil engine as a locomotive. The one great factor that retards that intro- 
duction is the factor of initial cost. Approximately one-half the cost of 
an oil-electric locomotive is on the electric motors and their control gear. 
It seems likely that a mechanical transmission will gradually supersede 
the electrical one, except perhaps for shunting engines. Satisfactory 
transmissions, even for very large powers, are likely to be found by com- 
binations of the hydraulic coupling and Wilson epicyclic gear-box or, 
alternatively, of a mechanically- or magnetically-operated friction clutch 
or an hydraulic clutch combined with an hydraulic torque converter of the 
Vulcan-Sinclair type. The cost of such mechanisms will be substantially 
less than that of the corresponding electrical equipment, and the power 
losses will be lower. There is little doubt that so soon as a satisfactory 
mechanical transmission has been developed, which involves no very great 
step beyond existing practice in road vehicles, the oil engine on the railways 






































will forge ahead. 

It is clear from these notes, that make no pretence to being compre- 
hensive, that the oil engine will soon become a factor of great importance 
in railway transportation. The development of this new use of the oil 
engine is bound before long to increase appreciably the world consumption 
of gas-oil. 


AIRCRAFT. 


Oil-engine developments in aviation have been rather surprisingly slow. 
At first sight it would seem that for this purpose the oil engine would be 
particularly suited. A low fuel consumption in terms of weight should be 
as important in the economics of aviation as low fuel cost is in the operation 
of commercial vehicles on the road. Above all, it would be expected that 
the additional safety from fire would make the oil engine seem the best 
type for aircraft. 

It is, however, only in Germany that the oil engine is used for the pro- 
pulsion of aeroplanes. In that country a dozen machines, or possibly 
more, have been in constant service during the latter months of 1934. 
These machines are fitted with the Junkers six-cylinder, opposed piston, 
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two-stroke, water-cooled Diesel engine. Two sizes of this engine are used, 
one giving 720 B.H.P. at 1700 r.p.m. and the other 500 B.H.P. at 2050 r.p.m. 
The dry weights per horse-power are respectively 2-5 and 2-2 lb. per 
B.H.P. The fuel consumption of these engines is remarkably low, being, 
in the larger engine when working under cruising conditions, no more than 
0-37 Ib. of gas-oil per B.H.P. per hour. 

This high economy of fuel is mainly due to the small loss of heat that the 
opposed-piston construction permits. Further explanation of this is 
perhaps interesting. In each of the six “lines” of the engine is one 
cylindrical combustion chamber, terminated above and below by the two 
opposed pistons. By comparing this arrangement with a conventional 
twelve-cylinder V type engine of the same bore and stroke and having a 
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combustion chamber of similar form, the advantage possessed by the 
Junkers design becomes clear. The surface of metal exposed to combustion 
is little more than half as great in the opposed piston engine as it js jp 
the twelve-cylinder V. Since much of the heat loss in an engine occurs 
by conduction rather than by radiation, it follows that the opposed piston 
engine will be thermally more economical due to the smaller surface exposed 

Unfortunately there is a penalty of weight to be paid for this means of 
gaining a high fueleconomy. A second crankshaft is required and, for this 
reason, the weight of the engine is intrinsically a little greater than that 
of the twelve-cylinder V. For the equipment of her airships, Germany 
is using the twelve-cylinder V type engine, the design being similar to that 
of the engines used in the “ Flying Hamburger ”’ train. 

In Great Britain no aircraft in service is oil-engine driven. One of the 
large manufacturers of aircraft engines is now making Junkers engines under 
licence, but only a very few have as yet been completed. Another large 
concern has built experimentally an air-cooled, radial, four-stroke oil 
engine. The engine, which is supercharged, gives a maximum output of 
490 B.H.P. at 1900 r.p.m. The weight is 1070 Ib., or 2-2 lb. per B.HLP. 
Experimental work is proceeding with other types employing both the four. 
stroke and two-stroke cycles. 

Both in France and in Italy the development of the oil engine for aviation 
is still in an early stage. No engine is in production, but in France at any 
rate interest is likely to be stimulated by the offer of a prize, reported as 
10,000,000 francs, for the first aircraft, fitted with an oil engine of French 
design, that satisfies certain specified requirements. 

Little has been heard recently of the aircraft oil engine in the U.S.A 
As in the development of this engine for road transport, and possibly for 
very similar reasons, progress in that country has lagged behind that of 
Europe. In America petrol remains extraordinarily cheap. 

Everywhere progress in this field has been slow. The technical difficulties 
are undoubtedly very great, but of even greater importance is the fact 
that aviation is not yet self-supporting—not, that is to say, in the economic 
sense. This fact involves subsidies that must be paid out of taxes and be 
controlled by governments. Governments, being as they are, greatly 
concerned with national defence, tend to consider aircraft in terms of war. 
Since the best oil engine so far developed weighs about | lb. per B.H.P. 
more than a petrol engine of the same power, and since its consumption 
of fuel is only about 0-12 lb. per B.H.P. per hour less than that of the 
petrol engine, it is evident that as much as 8 hours’ fuel must be carried 
in the aircraft of each type to put them on equality in matter of weight 
For almost all purposes considerably less than 8 hours’ fuel need be carried, 
and, in consequence, the useful weight-carrying capacity of the petrol- 
driven aircraft is superior to that of the oil-engined machine. 

With so great a disadvantage as this, it is not surprising that govern- 
ments—thinking of national defence—are not much impressed by such an 
advantage as the reduced fire risk that the oil engine offers. Nevertheless, 
as a step to popularize air travel, the introduction of the oil engine would 
probably go further than any other development that is at present within 
reach. 
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OIL ENGINE. 





THE 





SHIPPING. 


Except for ships needing very great power, the oil engine provides the 
most economical means of propulsion. This is evidenced by the increasing 
proportion of motor-ships under construction. According to the Motor 
Ship * there was in 1934 a total world production of 480,000 I.H.P. in 
oil engines for installation in ships of greater size than 1000 tons (gross), 
and that this was “at least double ’’ the power of the steam machinery 
built for ships in that year. 

It is of interest to notice the increasing use of the two-stroke cycle for 
ship propulsion. Twice as many installations in 1934 were built of two- 
stroke as of four-stroke engines, and the average power of the former 
type was considerably greater than that of the latter. 

Tables IV and V are quoted from the same issue * of the Motor Ship. 


TaBLe IV, 


Type. 1928. 1929. 1930. 1931. 1932. 1933. 1934. 
Four-st roke 8.a. . 100 107 120 95 27 22 29 
Four-stroke d.a. 4 8 8 l 2 
Two-stroke s.a. 73 53 102 70 13 29 36 
[wo-stroke d.a. . 12 13 10 10 s 12 22 
Total ; 189 181 240 176 50 63 87 
TABLE V. 

Type. Number of ships. Total I.H.P. Average I.H.P. 
Four-stroke s.a. ; ; 29 127,650 4,300 
Two-stroke s.a. , ‘ 36 173,300 4,800 
Two-stroke d.a, ; 22 179,350 8,150 


The former of these Tables shows that not only has the use of the two- 
stroke engine recently increased, but the proportion of two-stroke engines 
that are double-acting has increased very greatly. The double-acting 
four-stroke engine, on the other hand, is no longer built at all. 

Table V is of interest in showing the average power of ship installations 
of each of the three remaining types, namely, the four-stroke single-acting, 
the two-stroke single-acting and the two-stroke double-acting engine. 
The average power of the last is nearly twice as great as either of the other 
two which are seen to be substantially equal to one another in average 
power. 


STATIONARY POWER. 


In the foregoing notes merely an outline is given of recent developments 
of the oil engine. Emphasis has been given to the applications where 
progress has been most rapid and where increasing interest is likely to 
centre in the near future—on the road, on the railway, in the air, and at 
sea. 
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Nothing has been said of the oil engine as used for power production 
on land. In spite of the improved efficiency of modern steam plant, the 
oil engine continues to hold its own in what are now regarded as small 
power-stations—namely, those of not more than 15,000 horse-power, 
In a few instances, notably in Denmark, much larger powers are eco. 
nomically provided by the oil engine, as, for example, the engine of 
22,500 B.H.P. recently put into service in Copenhagen. The low first 
cost of the present-day oil engine is illustrated by a recent contract for 
1500 B.H.P. units which has been placed at a price, including the electric 
generator, of £6 10s. per B.H.P. The price compares favourably with that 
of steam installations of similar size, and the running costs of the oil. 
engine plant will in most situations be found to be very much lower. 

For still smaller powers, such as are needed in municipal pumping stations, 
the oil engine has been proved to be the most economical form of prime 
mover. At one of the water-pumping stations of the Hull Corporation, 
sleeve-valve oil engines of 250 B.H.P. at 800 r.p.m. are employed. The 
fuel consumption of these engines is as low as 0-36 Ib., and the consumption 
of lubricating oil 0-004 lb. per B.H.P. per hour. With the low maintenance 
charges that are shown over a period involving, in the case of at least one 
of the engines, 7600 hours of running, the total cost of pumping is found 
to be considerably less than if power were taken from the electrical Grid. 

There is, in fact, ample evidence that the high efficiency of the oil engine 
has led to its use in independent power stations even where the Grid supply 
has been available, and in spite of the recently increased efficiency of the 
steam plants by which the Grid itself is supplied. 
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GEOLOGY OF PETROLEUM. 
By Prof. V. C. Inurye, M.A., M.Inst.M.M. (Member). 


WHEN we pause from time to time to review the progress of petroleum 
geology we cannot fail to notice a curious paradox. Year by year there 
isa record of continuous effort. Problems are approached from all con- 
vivable angles and new facts brought to light which discredit previous 
conceptions or form the basis of new theories. Yet the old and funda- 
mental problems of petroleum geology still remain with us and await 
olution. We are uncertain of the nature of the organic matter which 
breaks down to petroleum; we are equally uncertain how and when this 
hange takes place ; and we have several mutually incompatible theories 
to explain the processes of migration. Each year the crop of new papers 
ulds to the fearsome pile threatening to bury the subject by the very dead 
weight of diversified opinion, and the earnest student, anxiously searching 
for enlightenment, gets lost in a maze of conflicting opinion.| Yet out of this 
tangle there are gradually emerging certain basic truths which can be ac- 
cepted with confidence and, like a traveller emerging from a luxurious 
but trackless forest, we are beginning to see our way more clearly and to 
realize where we are going. 

The question of the nature of the original source material of petroleum 
is still sub judice, but of recent years the work being carried out by P. D. 
Trask and his collaborators ! has added considerably to our knowledge of 
the environment favourable to the deposition of sediments rich in organic 
matter. ‘They have lately carried out an extensive survey of the organic 
content of a large number of sediments and directed attention to the low 
average quantities of organic matter which these contain. They conclude 
that an original average content of between 4 and 8 per cent. is sufficient 
for the generation of commercial oilpools. Other lines of reasoning point 
to the same conclusion, and it is probable that in organic content a source 
rock of petroleum is not vastly different from many of the ordinary marine 
sediments, the enrichment in the reservoir rock being mainly a question of 
segregation. The same authors direct attention to the possibilities of 
lateral migration from the organically rich sediments in the middle of a 
basin, and quote East Texas as a possible example. It is of interest to note 
that the logical conclusion from such studies is to emphasize the wide- 
spread distribution of petroleum in nature, a fact which involves two broad 
conclusions. First, that it is dangerous to assume that an area is not 
oil-bearing because of the known absence of sediments rich in organic 
matter, and secondly, that it is also dangerous to draw optimistic conclusions 
from the discovery of small traces of oil in the search for new oilfield regions 
because such material is far more widespread than is generally supposed. 

Careful analytical work on argillaceous and calcareous sediments of marine 
type seldom fails to find some traces of petroleum. 

In another field of inquiry relating to the origin of oil we have a highly 
interesting paper on the conditions of oil transformation from the pen of 
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Dr. T. Brooks.* It has been in-the past somewhat of a barrier between 
the views of geologists and chemists that the chemists were inclined ty 
demand a temperature for transformation which was higher than th 
geologists would allow. Several suggestions have been made to smooth over 
the difficulty. The most popular, but one which the writer finds it difficu} 
to accept, is that the long period of geological time could have enabled the 
reactions to have reached completion at a lower temperature. Dr. Brooks 
contribution to the subject will be welcome to geologists, in that he advanees 
much chemical evidence in support of his conclusion that oil is formed a 
relatively normal temperatures and that the formation of hydrocarbons ip 
nature is by no means an abnormal process. Dr. Brooks further emphasizes 
the fact that it can be proved that many crude oils could never have beep 
subjected to higher temperatures. This view is independently expressed 
by D. C. Barton in his discussion of the crude oils of the Gulf States. 4 
summary of this work has been contributed to the pages of the Institution’ 
Journal,’ and the full statement of this work will be referred to later. 

There has been recently a marked tendency to increased attention t 
the physical nature of the reservoir rocks and to the laws of movement 
of fluids through them. Most of this work has been the outcome of th. 
obvious need for more data to guide producers in the extraction of oil 
from the reservoirs. It has also, however, thrown considerable light on 
the factors which govern oil accumulation, and promises to enrich our 
knowledge of this most important branch of study in petroleum geology 
The experimental work of the Pennsylvania State College on this subject 
is now well known, and a useful description has been published of the methods 
they adopted in the study of the porosity and the permeability of rocks: 
The literature on these two subjects has increased considerably during th 
last few years, but the methods to be adopted are still in a state of flux, 
and therefore this contribution to the subject will be very welcome. As 
an example of the association of careful petrographic work with the field 
study of a producing area, we know the detailed work of C. R. Fettke on 
the Bradford Field. His main conclusion with regard to what is one of 
the greatest individual oil accumulations known in the United States 
is that it was the occurrence of an unusually thick sand at the Bradford 
horizon which determined the occurrence of the pool. Of great interest 
is the attention which he directs to the large quantities of oil left in the 
sand after the field had been exhausted by normal methods, and to the 
promise of considerably enhanced yields by water drive. 

Turning our attention to the structures of oil accumulations, there has 
been an interesting attempt to simulate the production of salt’ domes ex- 
perimentally. The assumption that the salt and the general overlying 
sediments are essentially fluids, has led L. L. Nettleton to elaborate the 
stages of salt dome formation on the lines of plastic flow of the salt toa 
central focus.6 This movement is produced by the inherent instability 
of the original system, and the inward flow of salt is associated with a 
sinkage of sediments around the circumference. Such experimental 
studies would tend to indicate that simple isostatic adjustmentsare sufficient 
to initiate and produce salt domes. It should, however, be pointed out 
that such experiments are illustrative rather than exhaustive, for it is 
extremely doubtful whether the formations attain the degree of fluidity 
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between fl yhich the experimenter adopts in the media he employs for his experiments. 
‘lined tofffjp one important fact there is a distinct difference. The materials used in 
han the [Mf Nettleton’s experiments were true liquids, whereas salt and the softer beds, 
oth over fi matter how plastic, will always require a certain minimum critical 
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dear to induce plastic flow. The question is how much this is, and whether 








bled the the stresses produced by the abnormal distribution of materials of different 
Brooks’ density are sufficient to overcome this elastic strength. It may well be 
vances that they are, but it is well to remember that Nettleton’s experimental 
rmed at Mf ijjustrations of the phenomena of salt dome formation are carried out with 
"bons in media which are true liquids, whilst the materials in nature are plastic 
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An excellent discussion of salt dome phenomena and their relations to 
i] is contained in a student paper of the Institution which was written 
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bution’s by R. V. Browne, and is printed in the Journal.’ 
T. The petrological work of M. I. Goldman on the cap-rock of salt domes 
tion to fis now well known. Those interested in these phenomena will welcome 
vement ithe latest contribution of this author on the subject of the origin of the 
of the anhydrite cap-rock.* His conclusion is that the material has been freed 
_ of oil H from the salt by solution and has been cemented and consolidated on the 
ght on i top of the salt stock as the latter grew. 
ch our There has been a notable addition to petroleum literature in the publica- 
ology. § tion of the third part of the Symposium on Oilfield Structures by the Ameri- 
ubject Hcan Association of Petroleum Geologists. This is entitled “‘ Problems of 
ethods ff Petroleum Geology.’”’ Much as we have welcomed the first two volumes 
rocks. f of this series, the third will be acclaimed as a more than worthy successor. 
ng the & Dedicated to Sydney Powers, to whose genius the successful planning of 
f flux, & the volume is due, the aim of the third volume has a wider scope than the 
. Asfffirnttwo. It is an attempt to give expression to all shades of opinion among 
e field the many American geologists on the various aspects of petroleum geology. 
ke on § The origin, migration and accumulation and related subjects of oil are 
me of B discussed by different authors from their own individual standpoints. 
‘tates, # It would be invidious to single out of this series of forty-three papers any 
dford § particular ones for attention, and unnecessary to give a list of them all. 
terest § The main purpose will be served if the following points are noted. On the 
n the & subject of the origin of oil, Trask summarizes and brings up to date his well- 
o the known views of the environment of source sediments, emphasizing the 
importance of marine basins in the deposition of source sediments. So far 
e has § as the alteration of the organic matter is concerned, he considers that the 
's ex- § changes during the sedimentary cycle are only partial, and that the genera- 
lying § tion of petroleum must be a later affair. He also believes that bacteria, 
p the § although active in decomposing some of the materials, are not the agents 
toa which are directly responsible for producing the oil. To this conclusion 
vility § he is driven by the lack of free oil in recent sediments and by the failure 
ith af to produce any hydrocarbons save methane by bacteriological decom- 
ental § position. Snider gives a useful summary of the views put forward by various 
cient § American geologists in different areas as to the nature of source rocks, and 
| out F concludes that the majority believe in marine organic shales or limestones. 
it is} They also tend to limit the amount of transformational migration save 
idity § in the case of faults or unconformities. 
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The carbon-ratio theory has long been a bone of contention amon 
geologists; much effort has been wasted in its too rigid application. Thy 
balanced judgment of W. T. Thom will be welcomed by thoughtful geologis, 
as a check to such empirical methods. Thom concludes that the value oj 
such ratios is rather as a guide to general regional metamorphism than 4 
an indication of the chances of oil. The use of these ratios as a dead ling 
in the determination of the chances of oil and gas is, according to Thom 
quite unwarranted. Most of us will emphatically agree. 

Of discussions on the nature of crude oils and their possible relations to 
source rocks, depth of burial, and metamorphism we have a large number 
Taff, writing on California, and Bartram on the Rocky Mountain distri¢ 
while admitting the importance of source rocks, lay stress on other factor 
which have modified the oil. These factors include contact with circulating 
waters, underground distillation and alterations on contact with sediments 
during migration. 

In the Appalachian Province, Reger is inclined to pay more particular 
heed to the great importance of the source rocks and the reservoir rocks 
directing particular attention to the lighter oils of paraftin base in th 
sandy reservoirs in shales, as contrasted with the heavy oils of asphalti 
base stored in the limestone reservoirs. These features were emphasized 
long ago by Peckham. Depth of burial, age, and pressure are, according 
to Reger, only qualifying factors. 

Barton’s examination of the character of the Gulf Coast Crudes will 
be considered as a classic of this type of investigation. By a careful 
comparison of the crude oils and their fractions, he concludes that in oils 
of miocene, oligocene, and eocene age the lighter constituents increas 
progressively with depth. Conversely, in oils from the same depth there is 
a progressive elimination of the heavy constituents with age. Thus the 
effect of temperature, pressure, and time is to alter the oil by transforming 
the heavier constituents into lighter ones. The respective differences in 
character of normal miocene, oligocene and eocene oils mark successive 
stages in this alteration. The possible causes of this progressive increas 
in the hydrogen content of crude oils with age and burial is discussed by 
Pratt, who ascribes it to cracking and to hydrogenation or methylation of 
the unsaturated hydrocarbons. 

In the discussion of migration and accumulation, A. W. McCoy, W. R 
Keyte, F. R. Clark and J. E. Adams are all in favour of the local origin of 
oil close to the reservoir rocks. On the other hand, J. L. Rich maintains 
his belief in almost unlimited powers of transformational migration. A 
rather unusual standpoint is taken up by W. V. Howard, who consider 
that in porous limestone reservoirs the original organic matter actuall 
accumulates in the pores of the reservoir rock, and is there transformed into 
petroleum. On the other hand, in the case of the Mexican limestone pools 
J. M. Muir suggests the possibility of extensive lateral migration. These 
conflicting views are brought into relief by F. H. Lahee in a plea for the 
preservation of an open mind on the subject, wherein he gives a balanced 
account of the possibilities of lateral and vertical migration. 
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GEOLOGY OF THE OILFIELDS. 
S. E. Coomprer, A.R.S.M., B.Sc. (Stud. Member). 


THE past year has perhaps not been marked by any outstanding event 
in the realms of petroleum geology. There has been no great conference 
at which the results of research and exploration could be made known, 
neither has there been any discovery of important new fields. Never- 
theless, work has steadily gone forward, and progress has been made both 
in the direction of extending our knowledge of proven areas and in the 
search for new. The year may therefore be summed up as a year of 
steady, normal work, and for such we must be grateful, since it is during 
those years that the foundations of the science are laid. 

In commencing the regional survey of the oilfields with Europe, we find 
that little that is new or of importance has appeared. Much, indeed, of 
the published matter is merely recapitulation of earlier matter, and 
especially does this seem to be the case in respect to Germany. As an 
introduction to the subject, Stille and Schliiter’s ! paper on the relation- 
ship of the European occurrences to structural conditions is fitting. Moos’s 
division into “ Alpine” and “ Extra-Alpine ” occurrences is adopted as 
a basis for classification. The main point of interest arising from such a 
classification is the light which it throws on the relation of oil occurrences 
to the Tertiary mountain-building movements. In fact, 97 per cent. of 
the European production comes from Alpine sources. The Extra-Alpine 
group is typified by the German fields and, with the exception of those 
fields, is of relatively little economic significance. The importance of the 
German fields lies mainly in the intense efforts being made to find new 
production, efforts which, with the exception of some advance in the 
proven areas, appear so far to have met with no striking success. Interest 
was aroused early in the year by a report from Nienhagen that a well in 
the north field was producing from the Wealden instead of the Valendis 
(the main horizon). Should this prove to be not merely an isolated instance 
due to migration from the main horizon in other parts of the field its 
importance becomes obvious, for Nienhagen has already the largest pro- 
duction amongst the German fields. A well has also been brought into 
production in the Hoheneggelsen area, where previously only small shows 
had been obtained. This raises the question of the possibility of an 
extension of the Oberg field, since the structure in both areas is similar 
and both are related to the same salt mass. Work in the area continues. 
The natural gas occurrences in Germany are discussed by Stille and 
Schliiter,2 who point out the relatively wide distribution of gas from 
Quaternary deposits. In some cases the origin of natural gas has given 
rise to considerable doubt, as, for instance, in the case of the Neuengamme 
well which supplied Hamburg with gas for a considerable period. In 
that case the gas came from Oligocene sands at a depth of 250 metres. 
Before leaving the question of Germany, mention must be made of the 
very full list of salt structures compiled by Eby * and accompanied by a 
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map. Nearly 100 different structures are listed and short notes given 
on each. 

Amongst the Central European States Hungary has figured little in 
the literature of petroleum geology, although it has given us such eminent 
geologists as the late Dr. de Boeck, and is the birthplace of the torsion 
balance. Our Institution is indeed fortunate in being able to publish 
a contemporary account by Dr. de Boeck of pioneer work by E6tvés in 
the Great Hungarian Plain and of his own reaction to that work.‘ Since 
that time the value of the torsion balance and of geophysical work in general 
has been increasingly realized, and in the above-mentioned account we 
possess a document of great historical value. More recently in Hungary 
the Government has drilled nine deep wells on the Alféld, which yielded 
a number of interesting results.5 It was found that the Pliocene varies 
in thickness from 4000 to 6000 ft. and rests on a basement which may be 
early Paleozoic. The shows of gas and bitumen appear to originate 
from the older rocks and the source of the Alféld salt is the salty clay of 
the Paleozoics. The fact that the salt and the gas and bitumen are thought 
to be of Paleozoic age rather than Miocene is a matter of considerable 
interest in the light of the Rumanian occurrences. There is some possibility 
of a faulted structure existing. 

In Rumania work is being actively pursued with the object of extending 
the limits of the present producing area. Until recently the oilfields have 
been confined to areas along the foothills of the Carpathians, but the great 
plain to the south is now being tested. Geophysical prospecting methods 
have proved of value in this work on account of the depth of the producing 
horizons and the cover at the surface. A well in the Dambovita valley 
reached the Meotic at 5500 ft., a fact which shows that the dip away from 
the foothill structures is gentle and that the oil series is not too deep for 
development purposes. According to Penny ® high-pressure sands were 
encountered there. The Meotic oil sand has also been found at a depth 
of 4500 ft. at Bucsani, the structure being an extensive and gentle anti- 
cline. The most important developments in the proven areas are the 
extension of the Boldesti field to Harsa, the Gura Ocnitei field to Rosvad- 
Viforata, and the discovery of the new pool at Aricesti. 

The Bulletin of the American Association of Petroleum Geologists for the 
past year contains an excellent symposium on natural gas occurrences. 
One paper has already been mentioned—that by Stille and Schliiter on 
the German occurrences. Natural gas occurrences in Poland and in 
tumania are dealt with by Tolwinski’? and Gardescu § respectively. It 
is of interest to note that the Transylvanian gas contains as much as 97 
per cent. methane and does not appear to be associated with oil. This 
accounts for only 16 per cent. of the total Rumanian gas production, 
however, the remainder coming from the oilfields of the sub-Carpathian 
area and the Carpathian arch. The Transylvanian gas, moreover, is 
from Upper Miocene strata, whilst the oilfield gas is from Pliocene 
strata. 

From Poland and Rumania the geologist, following the trend of the 
Carpathians, passes naturally to the Caucasus. Much of the geology 
there is unknown, the major work having been carried out in the Apsheron 
Peninsula in connexion with ifs oilfields. We are therefore indebted to 
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Goubkin ® for collecting together all available evidence, including well 
logs and the results of geophysical surveys, in an attempt to elucidate 
Caucasian tectonics. From his paper a number of points emerge. The 
S.E. Caucasus may be divided into two main tectonic zones: the folds 
of the main range (Jur.-Cret.) and the submerged main range to the S.E. 
(Tertiary). The S.E. area of submergence coincides with deep subsidence 
of the crystalline basement, and there vertical pressure played an out- 
standing part. It is to this vertical pressure that the genesis of productive 
oil reservoirs and of mud volcanoes is ascribed. As mentioned above, 
the major work in the Caucasus has been carried out in the fields on the 
Apsheron Peninsula. It would appear from recent work that the Kala 
and Lok-Batan fields do not exhaust its potentialities. A number of 
structures have been mapped, and drilling at Zykhe has already taken 
place with encouraging results. Particular attention is to be paid to the 
coast of the Peninsula, and submarine drilling is also to be undertaken. 

Both geological and geophysical exploration work are continued in 
Russia and new areas seem continually to be reported. Selsky ” sum. 
marizes these results in a short paper on the oil resources of the Soviet 
Union, whilst Bohdanowiez ' has contributed a paper on the “ Natural 
Gas Occurrences.”’ The areas described and the number of new occurrences 
mentioned in the various papers on Russia are in fact so numerous that 
only a number of what appear to be the more important can be discussed. 
The paleogeography and the types of petroliferous deposits in the Ponto- 
Caspian countries are ably described in two papers by Zuber. In 
the well-known Grosny field it is suggested that a recent gusher is pro- 
ducing from the sealed under-limb of an over-thrust to the north. The 
great depth, especially in the eastern section of the field, will make pro- 
duction work difficult. The Ural—Emba area must surely be the world’s 
most prolific source of salt domes, for already 275 have been discovered. 
It is unfortunate that the semi-desert conditions prevailing in the area 
appear to have hindered development. Salt structures are also known in 
the Arctic zone. At Cape Nordwick a faulted dome with a salt core has 
been mapped and a well is to be drilled. The actual extent of the petroli- 
ferous area is estimated to be of the order of 200,000 sq. kms. 

There are a number of areas in Turkey which were previously worked 
by the Russians by means of shafts and shallow wells. They have been 
neglected for a while but are now receiving fresh attention, and the Turkish 
Government are undertaking a survey in the Hora-Merefte district, 150 
kms. south-west of Istanboul. Petunnikov “ has described occurrences 
in twenty-four localities but it must be admitted, from the account given, 
that these areas do not appear to be of much promise. The oil obtained 
by the Russians was shallow and associated with abundant salt water, 
whilst in many places the sediments are disturbed by eruptive rocks. A 
somewhat similar case of abundant small shows without much promise of 
worth-while production is that of Syria and Liban. According to 
Dubertret !° it is possible to distinguish two main provinces, the Mediter- 
ranean coastal zone and the eastern desert zone, the latter being part of 
the Iraq basin. The sediments in the coastal zone have a local character, 
and the hydrocarbons are present as bituminous impregnations in lime- 
stones and marls. Turning now to the main basin of Iraq, we find nothing 
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that is new has been published during the past year, although Nicolesco '* 
has given a concise account of the geology of the petroliferous areas. 

A very interesting paper by Condit '’ on oil and gas in India gives a 
full account of the widespread surface shows, as well as an excellent sum- 
mary of the geology of the country. A number of new tests have been 
carried out, as, for instance, in Baluchistan, although not often with success. 
The natural gas fields of Burma are described by Stamp.!* 

Petroleum in Africa is a question that is raised from time to time. 
Although considerable work has been carried out in various parts of the 
continent, the results, with the exception of the Egyptian fields, have been 
almost nil. Considerable attention was attracted early in the year, how- 
ever, by news of a gusher in the Djebel Tselfat field in Morocco. The 
well fired and it was difficult to determine the rate of production, but it 
was estimated at 1500 barrels daily. After some difficulty the well was 
closed in, and a programme of extension and exploration work was under- 
taken. So far little has been published concerning the results obtained. 
Attention has also lately been directed to certain areas in the Belgian 
Congo. Seepages are known in the coastal zone, but the most promising 
region appears to be that of the rift valleys. Abundant seepages, mud 
volcanoes, and an exposed oil sand are reported, and it is considered that 
favourable structures exist. The bituminous shales of the central basin 
may be found at depth and, if that is so, they would solve the question of 
a source rock. There would thus appear to be good grounds for a more 
systematic search in that district. 

When discussing the progress of petroleum geology in the United States 
it is somewhat difficult to know where to start, each of the many regions 
having good claims for our attention. Probably the Mid-Continent forms 
as good a starting place as any and, during the past year especially, a number 
of papers have appeared dealing with the structural history of that region, 
The conditions of sedimentation and stratigraphy of the Ouachitas have 
been worked out in detail by a number of authors,’ #1. 22 whilst the 
Arbuckles are considered by Dott * from the point of view of structure and 
orogenic history. Until recent years the Arbuckle structure had been 
considered as a single anticlinal uplift deformed by normal faulting. Dott 
points out, however, that over-thrusting is important, the anticline having 
been thrust northwards during a period towards the end of the Pennsyl- 
vanian. A thrust westwards, this time from the Ouachitas, has also been 
suggested as a cause of the en echelon faults in Eastern Oklahoma. 
Kraner** postulates such a thrust in conjunction with the resistance 
offered by the buried Nemaha Ridge. In N.E. Arkansas the relation 


‘ of intensity of folding to its effect on the Paleozoic and Cretaceous rocks 


has been examined from the point of view of the possible occurrence of 
oil and gas.25 The probability is that the folding there is not intense, and 
hence the possibilities are considered to be fair. Amongst the pools of 
the Mid-Continent area Oklahoma City is outstanding. In spite of over- 
drilling in the Wilcox the recovery to date is nearly 250,000,000 barrels, 
and the recoverable reserve is still some 95,000,000 barrels.2* The tectonics 
of the field also present an interesting problem, and Foley *’ considers 
the folding to be due to rotational deformation caused by non-parallel 
stresses acting periodically. 
MM 
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A number of the Texas fields have received somewhat brief attention. 
The Cayuga field ** is the result of geophysical work in Anderson County, 
A well drilled to test the indicated structure is capable of producing 600 
barrels per day from, it is believed, the Woodbine Sand. The Sarnosa 
field is described by Jones,” whilst Getzendaner™ gives details of the 
McFaddin-O’Connor, Greta, Fox, Refugio, White Point, and Saxet fields 
which are located on a N.N.E.-S.S.W. line running from Victoria to 
Nueces Counties. The structures are not yet worked out in detail. The 
geology of the Government Wells Producing district west of the Reynosa 
Escarpment has also been described.*4 Evidence of faulting and of 
folding is given, the Eagles Hill field being shown to be on the axis of a 
large, faulted, N.E.-S.W. anticline. 

The Gulf Coast may usually be relied upon to inspire a number of highly 
interesting and, at times, provocative papers, and the past year has been 
no exception to the general rule. Thus we have a paper by Brown ® on 
the age of the Gulf Border salt, in which he examines in detail the mode 
of formation of the salt series, and then applies his conclusions to age 
determination. The fact that he places the age of the salt as Cretaceous, 
and has received somewhat severe criticism from other authorities, does 
not detract from the interest and value of such an attempt. The elucida- 
tion of the results of geophysical surveys, and especially correlation of 
surveys over a wide area, is another problem which is occupying attention 
in the Gulf Coast. That it is by no means simple is illustrated by the fact 
that the magnetic and gravimetric surveys both agree on the presence 
of a synclinal downwarp, but definitely disagree on its position. The value 
of the magnetic surveys seems to be that they tend to bring out detail 
scarcely noticeable on the gravimetric map. One of the most interesting 
problems on the Gulf Coast, however, involves the question of reservoir 
control. The wells drilled around the periphery of the dome at Lake 
Barre give very complete recovery associated with little pressure drop, 
and it is assumed that the producing sand outcrops under the Gulf, thus 
giving complete hydrostatic control. If that is the case it provides an 
excellent example for students of reservoir conditions and will repay 
further study. Before leaving the Gulf Coast area a few remarks may 
be made concerning progress in the actual fields. Deeper production 
seems to be a keynote in many. At Goose Creek the production has been 
extended to the Oligocene which is found at depths of 4000 to 4500 ft., 
and there is talk of even deeper sands. The Clay Creek field is interesting 
in that it is on the northern edge of the salt dome province, and the pro- 
ducing horizons are the oldest in the area. The cap rock is very thick, 
being nearly 1200 ft. at the centre of the dome. Other interesting fields 
are such as Bosco, which are associated with deep-seated domes. In 
such cases the wells may have to be drilled to depths of 9000 ft. through 
soft formations to reach the Miocene and Oligocene pay zones. 

In contrast to the Gulf Coast the famous Bartlesville Shoestring sands 
of Kansas provide an entirely different type of occurrence and lead one 
into the consideration of depositional conditions along shorelines. The 
origin of these shoestring sands is the subject of an excellent paper by 
Bass,* who traces the edge of a repeatedly transgressing sea and shows 
how the sands were deposited as off-shore bars. 
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No reference to the American fields could be complete without mention 
of California, and a number of papers have appeared in the past year 
illustrating various aspects of the petroleum geology of that state. Amongst 
them is a paper by Trask and Hammar,™ which describes work done to 
examine possibilities on the west side of the Sacramento Valley where a 
40,000-foot section of Cretaceous sediments is found. Their mode of 
approach to the problem is interesting. The organic content of the rocks 
throughout the series was determined in order to show whether a suitable 
source rock is present or not. Their conclusions are that the outlook is 
not encouraging, although the greater part of the series is possible source 
rock. The subsurface stratigraphy and correlation of sands at Kettleman 
Hills is the subject of papers by Goudkoff ** and Bramlette.** Correlation 
between the three domes has been difficult on account of the considerable 
lateral variation which takes place, and these papers demonstrate the value 
of heavy mineral assemblages in such work. Somewhat similar work has 
also been carried out on the San Joachim Clay by Barbat and Galloway,*” 
whilst the geology of the Huntingdon Beach field has been described by 
Gale ** in a very able paper. 

Anapparent error in correlation in maps has resulted in the U.S. Geological 
Survey remapping the North and South McCallum anticlines in Colorado. 
A report on the geology and structure of the area has now been published.” 
The wells are remarkable on account of the high production of carbon 
dioxide gas, initial yields of up to 50 million cu. ft. having been obtained. 

{ussel “ has carried out tests on samples of bituminous rocks in Kentucky 
with the object of determining possible source material, and concludes 
that the Chattanooga Shale and also Silurian and Ordovician shales are 
favourable. Leonard * also considers oil and gas possibilities in Kentucky, 
but he attacks the problem from the structural point of view. 

The subject of oil and gas in Canada may be suitably introduced by 
mention of Dr. Hume’s memoir, the second edition of which has just 
been published. This edition has been brought up to date by the addition 
of well data, etc., and by a consideration of the latest theories on the struc- 
ture of the foothills and the plains. This question of Foothill structure is 
also raised in Link and Moore’s paper on the Turner Valley Field,® in 
which the suggestion is put forward that the crest of the limestone fold 
has been sheared off by a thrust emerging from the west. The stratigraphy 
of S.W. Alberta is dealt with by Webb and Hertlein.* Recent develop- 
ments in Alberta include the drilling of the Twin River structure and the 
establishment of the Del Bonita structure 10 miles to the west. The 
well on the Twin River structure produces from the Madison Lime and 
came in at 500 barrels with 8,000,000 cu. ft. of wet gas. 

In passing from North America to South America one passes from a 
region which is known by its wealth of descriptive literature to a region 
of which very little is known other than to the Companies operating there. 
One realizes, of course, the great interests involved and the difficulties of 
publishing in such a case, but some detail would be of the greatest interest 
and welcomed by all. The Colombian Government has published a volume 
of official reports,*® which is a step in the right direction. Unfortunately, 
it contains little of interest to the petroleum geologist. A review of possible 

oil-bearing regions in Bolivia has been published,*® whilst La Rosa and 
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Quitoga *’ point out the possibilities of Western Peru. In Brazil the most 
favourable prospects appear to be in the area of thick and extensive 
Cretaceous and Tertiary sediments in the west. Very extensive oil-shale 
deposits occur, however, in the north-east along the coast of Alagoas. 

Before concluding this survey of the world’s oil-fields, the situation in 
Australia, where the search for oil and gas continues, is worthy of attention. 
Dr. Woolnough ** points out that many pitfalls in the form of gas shows 
from recent sediments, carbonaceous strata, etc., have awaited, and 
accounted for, many seekers. He also describes true occurrences of oil 
and gives it as his opinion that further search is justified. The most 
definite development has taken place in Queensland, at Roma, where, 
according to Ball,** accumulation has taken place along an unconformity 
between the Mesozoic and the basement rocks. Shows obtained during 
drilling in the Sepik River District, N.E. Australia, and in the Knight's 
Dome area, near Mount Gambier, show how widespread are the traces 
of oil, and on these and other points Dr. Woolnough does seem to be 
justified in his conclusions. 
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GEOPHYSICS. 
By H. Suaw, DSe., A.R.CS., D.LC., F.Inst.P. 


In America, the application of geophysical methods of prospecting, both 
in the search for new oil pools and in the exploration of occurrences already 
known, has been more intensive than ever before, and De Golyer ' has ex. 
pressed the view that the next few years will see geophysical prospecting 
for oil conducted on an even greater scale than at present. 

As may be expected, the greatest activity has occurred in the Gulf 
coastal plain of Texas and Louisiana, where, with the exception of the 
electrical method, the number of field parties employed has increased for 
every method. In addition, the seismic reflection method has been em. 
ployed extensively elsewhere in the United States, while torsion balance 
operations have also been carried on to a considerable extent. It is estimated 
that for the United States alone some ninety-five seismic crews, forty- 
five torsion balance parties, seven pendulum, three gravimeter, and ten 
magnetometer crews have been employed on oil prospecting during the 
year. The seismic reflection method continues to hold first place, and has 
proved most suitable in penetrating to great depths, particularly in the 
search for oil. 

The development of Schlumberger’s method of electrical coring has been 
an outstanding success in the correlation of well logs over a considerable 
area. This method is not new, but its use has recently been rapidly 
extended, and has been almost doubled during the year. 

Kelly * has remarked on the increasing use of geophysical methods by 
Government and State geological surveys, a development which has been 
rendered more evident by the recent years of commercial depression. 
Thus we notice the geophysical activities of the U.S. Bureau of Mines, 
while in Poland the Geological Survey has its own geophysical department. 
The Government petroleum department of Argentina has its own Geo- 
physical Commission, and Brazil has recently set up a geophysical depart- 
ment which is actively engaged in the search for oil and other minerals. 
Canada, New Zealand, Chile, Mexico and Peru are all actively encouraging 
the application of geophysical methods, while the U.S.S.R. more than any 
other country has given active official support to the development and 
application of these methods. 

A geophysical prospecting survey of Germany has been ordered by the 
Department of Economy, primarily to obtain the necessary information 
concerning the borings for oil in connection with Government loans.® 

This work, in which the Geologische Landestalt in Berlin, the Institutes 
of Géttingen, Jena, Potsdam and Munich are co-operating, was commenced 
in the autumn of 1934. Well over one hundred salt-domes are already 
known in Germany, many of which are torsion-balance discoveries which 
have been checked by refraction shooting. 

The success which has been achieved by the torsion balance in inves- 
tigating local gravitational anomalies has directed attention to the problem 
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of determining the value of gravity at any point with accuracy and precision. 
Several attempts have been made to devise a field apparatus which would 
satisfy these conditions, and the growing use of the pendulum and gravity 
meters is characteristic of recent developments. The Holweck—Lejay 
apparatus, which was referred to a year ago, has been used to a considerable 
extent in North-east China by Lejay and Lou Jou Yu,‘ where an area of 
over 50,000 sq. kilometres has been covered with stations at intervals of 
100 kilometres. It has also been employed in Northern Africa, where the 
apparatus was found to operate with an accuracy of 2 milligals, and in 
favourable cases even of 0-2 milligal. Other areas in which gravitational 
measurements have been made with the Holweck—Lejay apparatus include 
South China,* Malaya, the Dutch Indies, Cambodia and Cochin China.’ 

Another apparatus which has been used for outlining salt-domes in the 
Gulf Coast Region has been introduced by Hartley. The fundamental 
idea of this design is that of applying to a suspended mass a constant upward 
force almost equal to the gravitational force. Under these conditions 
it is then easy to measure changes in the small additional force required to 
hold the system in equilibrium. 

Thyssen in Germany * ' has constructed a new gravitometer, which is 
readily portable and gives rapid results. Subsequent improvements 
have been introduced, which have rendered it fieldworthy,'! and 
measurements made under practical field conditions have shown a mean 
error of less than + 1 milligal. 

A new static gravitometer based on the principle of Haalck’s Potsdam 
instrument has been introduced by Mikhailov," while Reisch ™ has en- 
deavoured to increase the sensitivity of a beam balance 10,000 times, by 
using a photo-electric reading device. 

Vening Meinesz’s pendulum apparatus has been used by Matsuyama 
on board a submarine. Measurements were made at twenty-seven 
stations over the Nippon Trench, and the isonomal lines which have been 
drawn as a result of these observations have revealed a number of striking 
features. Meinesz '® has also extended his work of making observations 
at sea, and has demonstrated the existence of a number of positive gravity 
anomalies over parts of the oceans, particularly over the deep basins in the 
tectonically active areas, e.g. Dutch East Indies. 

Tsuboi !* has still further improved this apparatus, by damping the free 
oscillation of the frame, and by modifying the optical arrangements of the 
photographic recording system. 

Rankine '’ has directed attention to the behaviour of the Eétvés torsion 
balance in fluctuating gravitational fields, and particularly to the semi- 
diurnal variation of gravity at a point on the earth’s surface. He has 
shown that this temporal variation of “ g,” although much larger than the 
spatial differences which are measured by the instrument, produce no 
effect on the balance, thus constituting an experimental proof of the power 
of the torsion balance to discriminate between space and time changes of 
terrestrial gravitation. 

Attention has been directed to a new small Askania torsion balance 1* 
in which the beam is inclined to the horizontal and has a period of about 
20 minutes. Two beam systems are set at 180° to each other, and mounted 
on an aluminium frame which carries the optical equipment. The height 
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of the instrument is about 4 ft. and the weight 85 lb., while the sensitivity 
is somewhat less than the Z-beam balance. 

In addition to the extensive torsion balance work of the Gulf Coast 
region, the instrument has been applied with considerable success in other 
areas, but in only a few cases have the results been published. 

In a recent review of geophysical operations in Russia, Sorokin !* directs 
attention to the large amount of geophysical work which has been done in 
that country since 1925. Ina period of seven years about 59,000 observa. 
tions have been made, of which more than 24,000 were gravity 
determinations over oil and gas deposits, 15,000 over iron ore deposits, 
6500 over salt deposits, 9000 over coal and 4000 over Chromite deposits. 

In the region of the N. Caucasus,” geophysical work near the Great Don 
Basin succeeded in locating new coal-bearing deposits and establishing 
the extension of these deposits. It is interesting to note that in this survey 
the average cost of a pendulum station was 430 roubles, and of a torsion 
balance station 35 roubles. 

Results are also published of gravity work near Leba in East Pomerania,” 
in which torsion balance results have been shown to be in good agreement 
with pendulum observations and magnetic measurements. 

In Japan the torsion balance has been applied to a study of the origin 
of the Suwa Basin, near Kyoto.” Isogams indicate that Lake Suwa is a 
crater lake, but this conclusion is not reasonable from a geological stand- 
point. The origin of the lake seems therefore to be in subsidence, following 
the eruption of the Yatsugadake Mountain, near by. The gravity field of 
the basin is negative, while that of the mountains which surround the basin 
is positive. Hence, from the standpoint of isostasy, the deficiency of the 
subterranean mass is clear, and shows that the basin is a result of faulting 
or subsidence. 

Perhaps one of the most interesting publications on the gravitational 
method which has appeared recently is a manuscript by the late H. de 
Boeckh,” in which early torsion balance measurements made by Eétvis 
and Boeckh in the Great Hungarian Plain are described, and maps showing 
the gravity anomalies in various areas are added. From the results of 
these observations it is clear that the sub-drift surface of the Great Plain 
is irregular, and that the “isogams”’ are the expression of a “ buried 
hill ” structure. 

Many papers on the magnetic method were presented at the 7th 
Conference of the Baltic Geodetic Commission in Leningrad, from which 
it was evident that this method has been applied extensively in the U.S.S.R.., 
and records are available of over 13,200 magnetic stations at which 
observations have been made during the last 8 years.*4 

Amongst a number of interesting papers was a proposal for increasing 
the accuracy of measurement without the necessity of more complicated 
apparatus. The errors occurring under normal conditions are eliminated 
mainly by making strictly simultaneous observations. As a result of work 
with a temperature compensated magnetic vertical variometer, Kohl *5 
has shown that observations can be obtained under field conditions with a 
mean apparent accuracy of measurement equal to + 2-50y, corresponding 
to a ‘‘ mean error ”’ of a single measurement equal to + 3-267. Roman and 
Sermon ** have described a new magnetic gradiometer for determining the 
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space rate at which the earth’s magnetic field is changing. This instrument 
consists of two similar coils rotating around parallel shafts in such a manner 
that the planes of the coils always remain parallel. An experimental 
instrument has been built, and has successfully established the accuracy 
of the theory. Rankine *7: 2° has pursued his investigations which resulted 
from his experiments on a magnetic gradiometer, and has now constructed 
an instrument which enables him to demonstrate in a simple manner the 
para-magnetism and dia-magnetism of substances in fields of low intensity. 

In the Witwatersrand, the active magnetic work which was commenced 
in the summer of 1933, has been continued and extended. The main 
objective of this survey was to investigate the general structure of the 
Witwatersrand formation by tracing the magnetic shale horizons. The 
shales have been traced successfully for many miles, and several major 
faults have been located. The results of diamond drilling are said to 
confirm the correctness of the magnetic interpretation. 

The magnetic method has been applied extensively to structural 
investigations, and a number of interesting publications have appeared in 
this connection. Jenny * has shown that in South-west Alabama a number 
of north-west south-easterly magnetic trends show up, which are inter- 
preted as buried structural axes. These axes are at right angles to the 
southernmost Appalachian trends, and thus seem to disprove the general 
conception of the Appalachians of Central Alabama. In Central Florida 
a number of north-east south-westerly trends are found, which are 
interpreted as buried anticlinal and synclinal axes. Since these axes 
exhibit a striking parallelism with the Appalachians, they probably 
represent structures connected with the Appalachian orogeny. As the 
result of a magnetic survey of the Munich Tertiary Basin,® Barton concludes 
that the crystalline basement of the Bavarian part of the basin dips 
southward, because the regional anomalies show a uniform and steady 
decrease in the vertical intensity. Reich, on the contrary, shows that this 
supposed decrease is based on an erroneous correction with respect to the 
normal field. Reich ** has also conducted operations in the region of the 
Saxonian Tectonic, from the results of which it is possible to observe 
the relations between the geological bodies causing the disturbances and 
the sedimentary structure. The magnetic properties of sedimentary rocks 
of the Paris Basin have been investigated by Thelliev,** while in the region 
of Ena, on the Peninsula of Kola, a magnetic ** survey has revealed two 
large anomalies, due to deposits of iron ore, amounting to more than 94 
million tons. 

The celebrated magnetic anomaly at Kursk, which has been known since 
1870, and has been studied extensively since 1930, still continues to receive 
attention, and is being investigated by the magnetic, gravitational and 
seismic methods. 

The magnetic method has also been employed by Malamphy * in the 
search for auriferous veins, in one of the lesser-known gold-bearing regions 
of Brazil, and although the magnetic variometer did not prove of value for 
the discovery of auriferous veins of the type found there, the data obtained 
will be of considerable value in directing subsequent prospecting work. 

In seismology, considerable attention has recently been directed to the 
study of deep-focus earthquakes. Gutenberg and Richter *° have made 
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a contribution to this work, and have presented certain rapid and con. 
venient methods of interpreting the records of deep-focus earthquakes, 
Microseisms are also receiving increased attention, and the close relation 
established by Tams between the microseismic disturbance of the ground in 
Hamburg and the surf on the Norwegian Coast has been shown by Jung 
to exist between the disturbance of the ground in Potsdam and the 
Norwegian surf. 

In addition to the extensive use of the seismic method to the location of 
salt domes, and establishing underground structure, Rellensmann 7 has 
shown that seismic observations may be applied to mining problems, 
such as the investigation of rockbursts, which is now being investigated in 
Upper Silesia. The purposes of the investigation are to determine the 
location of the centre of the shock, to determine its extent and strength, 
and to ascertain whether the shocks were caused by natural quakes or by 
mining. Definite evidence has now been discovered *° to show that the 
velocity of shale and sandstone sections increases with the geologic age of 
the beds. This increase of velocity with age is ascribed to the general 
increase of the lithification of sediments with age. It has also been shown 
that there is a definite increase of velocity with depth in the case of shale 
and sand sections. The propagation of elastic waves in ice has been studied 
by Ewing and Crary, who have observed “ Flexural waves,” and evolved 
a theoretical formula enabling the velocity of these waves to be determined 
from the elastic constants of ice and water. By suitably orienting the 
seismograph it was also possible to detect transverse waves polarized 
horizontally in the sheet of ice. The velocity of transverse waves was 
found to check within about 3 per cent. with the velocity determined from 
the elastic constants of ice. 

Reflection shooting has now practically displaced the earlier refraction 
method, at least for prospecting purposes, and it is of considerable interest 
to notice the typical equipment now normally employed by reflection 
observations, in comparison with the equipment in use a few years ago. 

Tsuboi ® has carefully studied the slow deformation of the earth’s 
crust which has taken place along the Coast of the Japan Sea during the 
last 30-40 years. The observations were based entirely on data obtained 
from the first and last levellings by the Imperial Japanese Military Land 
Survey in 1887-99 and 1927-30 respectively. In heavily affected areas 
such as Japan it is found that the earthquake shocks are not always the 
same in different parts of the same city.4! Acceleration seismographs were 
installed in Tokio and Yokohama, for the purpose of these investigations. 

Results of a number of seismic surveys have been published during the 
year, and considerable interest attaches to Buchanan’s ® account of the 
discovery of the Valentine (La Rose) Dome in Louisiana by the Reflection 
method. This is definitely claimed as a success for the reflection method, 
and particularly so as the work was difficult because of the vast swamp 
area. The actual time in the field was less than three months, while the 
area covered was between 60,000 and 70,000 acres. A preliminary report 
has now appeared on the sound measurements carried out in the polar 
region during the year 1932-3," while Nikonoff’s paper “ on the region of 
Kursk serves to remind us of the importance of applied seismometry for 
determining geological structure. 
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The seismic refraction method has been employed by Sineritz* for investi- 
juakes. § gating the underground structure in the vicinity of Gibraltar. He has proved 
elation § by geophysical investigations that on both shores the depth of the strata 
und in § impermeable to fluids is greater than 1000 metres. Measurements of water 
lung 36 depths of the straits carried out by modern methods did not indicate depths 
id the & greater than 400 metres. Experiments have also been made in the faulted 
part of the Carpathian Mountains ** in a successful attempt to prove that 
on of § even in such difficult geological conditions pronounced reflections may be 


d con. 





*? has § obtained, and steep dips of over 40° were determined. 
blems, An interesting examination of the velocity of upper surface and under- 
ted in § ground seismic disturbances have been made in Tokio by Saita and Suzuki.‘” 
ie the Using Ishimoto’s accelerometers, the authors have made observations 
ngth, § at the same time in three places, (a) at the surface, (6) at a depth of 30 ft. 
or by & and (c) at a depth of 68 ft. below ground (this being the boundary of alluvium 
it the and diluvium) and have been able to ascertain that 0-25 and 0-75 second are 
ize of & the proper periods of the alluvial layer. Moreover, the acceleration at a 
neral point 68 ft. deep underground was 4 to } of that on the ground surface. 
hown It is thought that these data may be of value to engineers in preventing 
shale earthquake disasters in the future. 
idied Developments in the electrical method appear to be mostly of a theoretical 
ved character, and devoted mainly to resistivity interpretations and the 
ined interpretation of surface potential measurements for depth determinations. 
+ the Thus, L. V. King # has continued work on his surface gradient character- 
rized istics, and has made determinations for various cases of resistivity varying 
was continuously with depth. It is obvious that these solutions have no 
from immediate or direct application in practice, but the main object seems to 
be to express both p and p as a suitable series and determine some relation 
tion between them. Working along somewhat similar lines, A. F. Stevenson 
Test of Toronto * has expressed p and the surface potential V as Fourier series, 
tion and has been able to derive relations between the amplitudes of the various 
ago, terms in the two cases. The prolonged drought has had its effect on geo- 
th’s physics and has stimulated the application of the resistivity method to 
the the location of water supplies. In this connection, Shaw’s paper ® on 
ned underground water supplies in Southern Rhodesia is of considerable in- 
and terest. In this paper he describes the application of the resistivity method 
eas to certain water-supply problems in Southern Rhodesia, with the object 
the of ascertaining whether geo-electrical methods would be of assistance in the 
ere selection of drilling sites for the development of water supplies. The 
1s. potentiometer-ammeter apparatus and the megger earth tester were both 
the found to work satisfactorily under conditions in Rhodesia, and good agree- 
the ment was obtained between the two methods, which was subsequently 
ion confirmed by drilling. Another paper worthy of notice gives an account 
nd, of the work of Poole, Whetton and Taylor *! on resistivity work in the loca- 
np tion of faults in coal fields. According to the authors, the earth resistivity 
he method is the most adaptable and cheapest method for the average case of 
rt determining a coal-measure fault. 
ar Among other accounts of the successful application of the earth-resistivity 
of method may be mentioned a reconnaissance of buried river gorges by 
or Wilcox and Schwartz,®? and the discovery of gold quartz veins by 
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The electrical exploration of boreholes by Schlumberger’s electric-coring 
method is now being applied extensively in many countries, and is in 
operation in all the oilfields of the U.S.S.R. 

Koenigsberger has made an effort to correlate the resistivity measurements 
made by the Wenner system, and also by the “ central induction method,” 
in which the effect of the conducting ground on the field due to a loop 
wire carrying slow alternating current is used.* The inductive method 
has also received attention from S. 8. Stefanesco,®> who has determined the 
magnetic field due to a finite cable carrying alternating current in connection 
with corrections to be applied to Sundberg and Hedstrom’s electromagnetic 
method of structural investigation (described at World Petroleum Congress). 
These use formule which apply only to a cable of infinite length. 

It has been known for some time that in the Bieler--Watson method, 
which was employed by the Imperial Geophysical Experimental Survey 
in Australia, the horizontal field is not in general in quadrature with the 
vertical field. An instrument has been designed by Bruckshaw ** that 
will allow the horizontal field to be compared with the vertical field, 
the important feature of the instrument being that the horizontal 
components in phase and in quadrature with the vertical field are obtained 
directly from the instrument readings. This apparatus has been tested 
on elliptically polarized fields under practical survey conditions, and has 
given excellent results. 

I should like to acknowledge the assistance I have again received from 
Geophysical Abstracts, and to express my thanks to numerous friends who 
have so kindly furnished information concerning their own activities. 
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DRILLING, 


By M. C. SEAMARK. 


THE year under review cannot be credited with any outstanding new 
developments; it has been, however, a period of steady improvement in 
technique both as regards equipment and methods employed. 

New depth records have been created, and the deeper drilling has necessi- 
tated a continued study of the problems encountered. High pressures !? 
and the difficulty of drilling through heaving shales * constitute two of the 
main difficulties with which operators are faced. These problems are being 
attacked from different angles by the use of (1) pressure drilling, (2) specially 
treated muds, or (3) a combination of these two methods. 

Pressure drilling has been successfully employed in Iran, Burma, India,‘ 
Trinidad, and formations which had given considerable trouble when only 
heavy mud was used have been drilled through and cased off, or brought 
on to production, by the use of pressure drilling used in conjunction with 
suitable mud. 

Blowout preventers have been improved, and the latest design enables 
collar drill pipe to be snubbed in and out of the well under high pressures. 

Drilling through heaving shales still appears to present one of the greatest 
difficulties, and although no sound reason can be put forward to account 
for it, the use of a pressure held on the flow head in addition to the pressure 
exerted by the column of mud appears to assist in preventing excessive 
caving. 

In order to relieve the slush pumps of the heavy duty put on them when 
handling heavy muds against a high pressure, the use of enclosed circulation 
systems is becoming more general. 

The high pump pressure required to circulate mud of high viscosity 
through long strings of drill pipe fitted with normal tool joints, is being 
overcome by the introduction of full hole tool joints. Flush-joint drill pipe 
is also being extensively used, especially for pressure drilling, owing to the 
fact that it can more easily be snubbed through blowout preventers. 

The scientific study of drilling muds has occupied the attention of the 
staff of the major companies; the use of oil as a flushing medium has been 
used in cases where the danger of sealing off oil-bearing sands by the use of 
mud has arisen. Water “ aerated ’’ by the introduction of air or gas has 
also been used where the static pressure exerted by a column of water was 
sufficient to overcome the rock pressure, and, by creating a differential 
pressure opposite possible oil-bearing horizons, allows them to be passed 
unnoticed. 

Drilling muds, using barytes and magnesium chloride as a base, with the 
addition of Stabilite No. 2, has enabled readily pumpable muds to be made 
up to a specific gravity of 2-50. Its use is particularly advantageous when 
drilling through salt zones, where, with mud of a water base, leaching out 
of the salt occurs. This practice has been used both in Germany and in 
Iran. 
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The swabbing action created by pulling the drilling string too quickly 
has been found to aggravate the caving of heaving shale, even when 
the most suitable mud is in use,* and a tendency to bring in gas, 
generally the initial stage of a blowout, is often due to this same swabbing 
action. 

The necessity for decreasing the rate of drilling in order to provide ample 
time for the circulating mud to plaster and protect the walls is stated to be 
an important factor when drilling through heaving shales.’ Every attempt 
should be made to prevent caving in the initial stages, since when once the 
hole is increased in diameter due to caving no mechanical plastering effect 
can be provided by the rotating drill pipe. A greater area of shale is also 
exposed to the leaching action of the water in the circulating mud, which 
results in a correspondingly greater amount of material falling into the hole 
when caving occurs. 

In cases where lost circulation has been excessive and where other 
methods of sealing off badly fissured formations have failed, the use of 
plaster of Paris appears to offer a solution. By suitable calcination and 
grinding and the addition of borax the setting time can be controlled within 
very close limits, allowing sufficient time for the plaster of Paris to be 
landed at the fissured zone and commence its set before sufficient time has 
elapsed for it to become too diluted. 

The need for greater portability as regards equipment is emphasized 
by the increased speed of drilling and the resulting greater proportion 
of time taken in plant erection. There is a tendency to use, even for 
deep wells, unit drawworks which can be moved without dismantling.* 
Standardization of parts and complete sections of plant has facilitated 
re-erection.® 1° 

Portable hoists driven by internal-combustion engines are taking the 
place of the usual drawworks and rigs for shallow wells and for repair work. 
With a hoist carrying two drums, one for handling casing and one for the 
bailing line, the installation of a simple cable end with walking beam and 
bull wheel provides a combination outfit readily portable and suitable for 
shallow wells."4 

Steel substructures for derricks are replacing concrete to some extent, 
chiefly owing to salvage value, and the side hill method of cellar con- 
struction is favoured, especially where deep cellars are required for pressure 
drilling.” 

Drawworks and engines are being placed on ground level with controls 
taken up to the driller’s position on the derrick floor. A considerable 
reduction in foundation costs is effected by this method, in addition to a 
saving in time. 

No radical improvements or changes have been made in cementing 
methods; deeper drilling, with the resultant higher temperatures at the 
bottom of the well and the increased time taken in landing the greater 
quantities of cement, are factors which influence the grade of cement as 
regards initial setting time. Multiple-stage cementing is becoming normal 
practice when cementing long strings of casing. By this two-stage method 
the pump pressure necessary is about half as much as is required to circulate 
the whole of the cement round the shoe, as in the case of the single-stage 
method. One disadvantage in the multi-stage method appears to be the 
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perforated sleeve in the casing through which the second batch of cement is 
pumped. These perforations, although normally filled with cement after 
completion of the job, provide a connection from the inside of the casing to 
the outside, a very undesirable feature if the casing is subjected to any 
differential pressure conditions at some future date. 

Considerable attention has been paid to the drilling of straighter holes, 
Where a specified surface spacing is agreed on to insure efficient drainage 
of the oil sands, it is important that the bottom of the wells should be 
equally spaced. Apart from this, troubles inseparable from operating the 
well during its future life are greatly increased in crooked holes. 

The extra time spent in drilling a straight hole as compared with a crooked 
hole is shown to be very small, and would appear to be offset against possible 
trouble arising from damaged casing, sucker rods, etc. The methods recom. 
mended to ensure a straight and vertical hole are close control of weight 
on the bit, this weight being kept as close as possible to the bit by the use 
of a drill collar of the correct size, and high table revolutions with a slow 
feed.™ 15 

Acid treatment, although primarily used as a production method, has 
considerable scope if correctly applied to many fishing jobs. Its use is 
particularly adapted to freeing strings of drill pipe or casing which have 
become frozen due to mud rings or some types of caving troubles. One 
instance is recorded from Iran in which, after all other known means, 
including prolonged circulation with water and with oil, had failed, three 
charges of dilute hydrochloric acid delivered at the suspected zones freed a 
string of drill pipe in a few hours. 

Deep casing records of 1933 have been exceeded by about 525 ft., with a 
string of 73-in. casing run to 10,301 ft.,!® and cemented. 

Still greater depth has been reached during the year, the Berry Well 
No. 1 in the South Belridge Field of Kern Country having reached a depth 
of 11,377 ft.*® 
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THE SCIENTIFIC CONTROL, DEVELOPMENT AND 
PRODUCTION OF RESERVOIRS. 


By C. J. May, Ph.D., A.R.CS., A.L.C. 


Economic developments in the petroleum industry during the past few 
years have had at least one beneficial effect, in that the general adoption 
of more scientific methods of reservoir control and development has been 
hastened, and this in turn has emphasized the lack of much fundamental 
and essential data, the collection of which is now proceeding. Enforced 
restriction of production has in itself led to a more conservative use 
of available energy, and has compelled a degree of co-operation among 
independent producers which is at least a step in the direction of complete 
unit control, as exemplified by the Iran and Iraq fields and the North 
Dome, Kettleman Hills—to mention but two of the largest and best- 
known examples. A further result of restriction coupled with the necessity 
for stringent economy has been the revaluation of certain established 
practices. As one example may be mentioned the growing support for 
appreciably wider well spacing than has been previously thought generally 
necessary. Certain comparatively novel methods (novel, at any rate, from 
the point of view of their large-scale adoption) such as acid treatment have 
developed rapidly during these last few years into very useful tools. 

In all these directions the year at present under review shows a certain 
advance, but there is little radically new to report. Apart from the con- 
solidation of the position at present obtained, further progress is to a large 
extent dependent on the one hand on the accumulation of a great deal of 
accurate fields data—in many cases only now becoming possible with 
reasonable control and restriction of production; and, on the other hand, 
on the completion of much fundamental research which at first sight might 
appear to have little but academic value. There are, however, many 
serious gaps in our knowledge of the physical properties of crude and its 
individual constituents, of the laws of flow, of the calculation of vapour 
liquid equilibria, and of many other factors involved in oil-field studies. 
Until these gaps are filled, progress must be to some extent, at any rate, 
empirical and accidental. The past year has been notable for some valuable 
contributions on these lines of ultimate importance to the industry as a 
whole. 

The general trend of much of the published work appears to indicate 
that the World Petroleum Congress of 1933 was successful in stimulating a 
sustained discussion in certain directions, and in directing the attention of 
petroleum engineers to the wider aspects and implications of specific 
problems. 

The present report is concerned mainly with general principles and the 
trend of modern practice—purely mechanical details and specific examples 
being referred to only by way of illustration, since they are more properly 
included under the heading of production technique. The report should 
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be read in conjunction with that published last year, since most of the 
work is a logical development of that described therein. 


PROPERTIES OF GAS AND RESERVOIR CRUDE, ETC. 


A knowledge of the physical properties of, in particular, the lower 
paraffin hydrocarbons, is of vital importance in the successful solution of 
many fields problems—problems connected with, for example, pressure 
decline and repressuring, the migration of oil and gas separation. 

Until recently the data available have been rather surprisingly meagre. 
The known P-V-T relationships of hydrocarbons have been critically 
reviewed by Brown, Lewis, and Weber,! who have presented the information 
in the form of a useful chart based on reduced temperatures and pressures. 
They also explain the use of the concept of fugacity in the calculation of 
vapour—liquid equilibria at high pressures—primarily in connection with 
cracking. The main principles, however, are applicable to reservoir 
problems, and there is no doubt that a proper understanding of the method 
is becoming more and more essential to the petroleum engineer. Although 
the use of fugacities gives appreciably greater accuracy than can be obtained 
from the normal form of Raoult’s Law, absolute precision of calculation is 
not at present generally possible owing to the lack of data on simple mix- 
tures. Lewis and Kay * have, however, extrapolated the curves for pure 
substances in the vapour phase into the region of pressures and tempera- 
tures such that the pure vapour cannot exist. The resulting chart based 
on reduced temperatures and pressures is a simple and useful guide in the 
present absence of more accurate information. 

Of new experimental data published during the year, the results of 
Lacey *° and his collaborators are of considerable importance. They 
include the compressibilities and thermal properties of propane’? and 
n-pentane,® the solubility of propane in various solvents *® and of dry 
natural gas in crudes,® equilibria in the two-component system methane— 
propane * and the rates of diffusion of methane * and propane.” It is not 
possible in a short space adequately to review the large mass of data 
accumulated, but in addition to the two or three points briefly referred to 
in last year’s report, mention may be made of a few of the more obviously 
outstanding features. 

The new data on propane and pentane, when calculated in the form of 
fugacities, agree well with the fugacity chart of Lewis and Kay mentioned 
above, in the region in which it is capable of being tested by experiments 
on single substances. Equilibrium constants for propane dissolved in 
crystal oil are also in fair agreement with those predicted by the charts of 
Souders, Selheimer, and Brown.'* On the other hand, the methane- 
propane equilibria cannot be calculated at all closely by the simple applica- 
tion of fugacities, presumably on account of departures from the ideal 
solution law. 

Such deviations are reflected in the data recorded for the apparent 
specific gravities of dissolved propane, which are appreciably higher than 
the corresponding values for pure liquid propane in equilibrium with its 
vapour at the same temperature. 

The low rates of diffusion found for methane and propane emphasize the 
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difficulty of restoring the dissolved gas content of crude in the reservoir 
by repressuring once a considerable fall in reservoir pressures has taken 
place. This work therefore provides further experimental support for the 
policy of producing with the lowest practicable gas—oil ratios, and explains 
the apparent anomaly of Comins !! and Pym’s ™ data, according to which 
the gas content may increase, and therefore the specific gravity of reservoir 
oil may decrease with increasing depth. Such a reservoir is evidently ina 
state of false equilibrium, the rate of diffusion of the lighter constituents 
being too slow to cancel out the effect of continued production. 

Cox ™ gives a critical examination of all known data on propane with a 
condensed table of the most probable physical constants. 

Further reference to Lacey’s work will be found later in the present 
report. 

The importance of further experimental work on vapour-liquid equilibria 
in simple mixtures has already been mentioned. Beatty and Calingaert 
give a method for checking the accuracy of such data based on the equation 
of Duhem and Margules. 

Reference may also be made to a paper on the thermal properties of 
pentane and naphtha under pressure.!® 

A number of papers have appeared concerned largely with summarizing 
or reviewing existing knowledge on the effect of dissolved gas on the 
properties of crude. Lindsly !’ particularly emphasizes the necessity for 
working with bottom hole samples (which was first appreciated in the Iran 
fields) as opposed to repressuring dead crude with dry gas; Katz '* dis. 
cusses in general the effect on underground migration of the properties of 
crude as altered by its dissolved gas content. In a paper by Morris ™ the 
economic aspects of gas solubility investigations are discussed. Of par- 
ticular interest is his reference to the effect of gas separation in a number of 
stages on increasing gasoline recovery and reducing the cost of conventional 
recovery plants—a subject on which very little, in particular on the 
theoretical side, has hitherto been published. 


Tue MIGRATION OF Om. 


The more important work published on underground migration during 
the year under review has been mainly of a mathematical character, aimed 
at the calculation of various “ ideal” cases of liquid flow through a porous 
medium under the influence of applied pressure drops. Apart from the 
more fundamental importance of such work, certain features of immediate 
practical interest have arisen. 

The subject of the definition and measurement of permeability has been 
discussed in some detail.” Of particular use are the description of a 
recommended apparatus and technique for laboratory determinations and 
a formula for deducing from field measurements (of bottom hole differential 
pressures) the approximate permeability of the reservoir sand in absolute 
units. It is pointed out that the flow of oil in the reservoir is generally in 
the viscous region and not turbulent. 

In papers by Hurst *! and Muskat * the problem of the unsteady flow of 
fluids in a porous medium is discussed in general mathematical terms with 
special reference to oil reservoirs. A fall in pressure initiated at some 
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point in a reservoir by, for example, opening a well to production is not 
instantaneously transmitted throughout the whole reservoir, there being a 
lag due to the compressibility of the fluid. The movement of fluid cannot 
therefore be dealt with by the simple equations of steady flow under a 
constant head, but equations derived are similar to those of heat conduction. 

Typical of the type of problem discussed are the production decline for a 
single well at constant pressure in a closed reservoir; pressure decline in a 
closed reservoir drained at a constant rate by a central well; the pressure 
rise in a well after closing m, ete. Due to the complexity of the mathe- 
matical formule, it is in general necessary to deal with reservoirs of simple 
geometrical form and to introduce various other simplifying assumptions. 
Nevertheless, an interesting comparison is made between the observed 
pressures on the E. Texas field and those calculated, and of general practical 
interest also is the calculation of the time necessary for the pressure at the 
foot of a closed-in well to rise to a steady value. 

Muskat ** further discusses the encroachment of water into an oil sand, 
and making the simplifying assumptions of equal density and viscosity 
for the two fluids, derives the shape of the advancing interface for a number 
of special cases. Wyckoff and Botset * have described an ingenious method 
for obtaining the same results experimentally by means of a small two- 
dimensional electrolytic model. The method is simple, and in the special 
cases mentioned above is shown to give results agreeing very closely indeed 
with the theory. It is, however, also capable of being used for much more 
complex systems and for comparing, for example, the effects of various 
well spacings and patterns on a water drive and the effect of obstructions. 

Schilthuis and Hurst ** have calculated the pressure decline in the 
E. Texas field on the assumption that a water drive is the most important 
agency in maintaining production (cf. also Muskat **). 

They point out, however, that there is not sufficient head available to 
allow of water being driven at the necessary rate through the entire sand 
from its surface outcrop, and suggest that the advancing water front is due 
to the expansion of the water contained in the sand with falling pressure, 
effectively in a closed system. They estimate the water content of the 
Woodbine sand as 4,000,000,000,000 barrels, which would be sufficient to 
account for the observed encroachment with a uniform pressure drop of 
50 lb. Such a uniform pressure drop is, of course, not postulated, and the 
authors find it necessary to assume a high value for the compressibility of 
water (due possibly to dissolved gas). 

Mills 2° describes briefly the results observed on opening up the Bellevue 
field, Louisiana, after it had been shut in for three years. The formation 
is very porous, and in its early life the sand was rapidly depleted. On 
opening up, it was found that the oil level had risen 50 feet or more, and 
many wells are now giving steady production by pumping. More detailed 
and extended information, if available, in this and any similar cases should 
prove of considerable value in helping to solve the problem of drainage 
through a “ gas-locked ”’ formation. 


WaTER FLoopInG, WELL SPACING, ETC. 


On the subject of artificial water flooding there have been a number of 
papers describing the application of the method in specific instances, but 
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apart from the references already given above under the heading of migra. 
tion, there are no important advances in theory to report. 

Reference may be made to a paper by McClintock 2? for an outline of the 
methods at present adopted in the Bradford field, and Conine ** has 
brief note on costs in a particular case. 

Well spacing has been treated in a number of interesting papers both in 
its relation to water-flooding programmes and to the more general question 
of natural development and production. The general trend is in favour of 
wider spacing than has hitherto been considered desirable. 

J. O. Lewis * discusses the spacing of wells operating under gas or water 
drive. He suggests that Cutler’s rule—that recovery under similar condi. 
tions is proportional to the average distance that the oil moves to get to the 
foot of the well—applies, within reasonable limits, but only to those fields 
in which dissolved gas provides the sole motive force. In such cases 
recovery can be increased by water flooding, and the relative economic 
advantages of close spacing with natural production or wider spacing with 
water drive must be considered. In fields with a natural water drive the 
important features are the spacing pattern and control to minimize trapping 
of oil by the encroaching water. He points out that over-drilling inevitably 
represents a dead loss, but suggests that under-drilling can usually be 
rectified in the later life of a field. In his general conclusion that wider 
spacing is economically desirable, he is supported by Suman,® who claims 
that excessively close spacing also leads to an inefficient use of reservoir 
energy and consequent poor recovery. 

Spacing problems in Trinidad are discussed by Pryce,*! and Hickling * 
emphasized that with comparatively close spacing and appreciable depth 
of well, drainage of the reservoir may be seriously affected by lack of 
verticality in drilling. 

Under this heading may be included a paper by Brace * on the estimation 
of oil reserves. He points out that the use of decline curves is of diminish- 
ing value owing to the artificial conditions created by modern production 
technique. On the other hand, estimates based on sand volume and 
porosity, etc., may be exaggerated due to a variety of factors. Not only 
is it very rare for a sand to be of uniform porosity throughout, but this 
lack of uniformity may further lead to the bye-passing of a water drive. 
He further mentions that sand of less than about 10 per cent. porosity rarely 
contains oil. 


Actp TREATMENT. 


The acid treatment of wells is meeting with continued success and ever- 
widening application; since it aims at increasing flow in the reservoir at 
the foot of wells, it is properly considered under the heading of reservoir 
control. Acid treatment might be expected to be effective under either 
of two sets of conditions. First when production is being drawn at 
a comparatively high rate with high differential pressure due (with a 
suitable reservoir structure) largely to velocity head in the immediate 
neighbourhood of the foot of the well, it might be of advantage to increase 
the bore of the hole, whether by acid treatment or any other means. And, 
secondly, in the case of a comparatively soft limestone, solid material may 


be sloughed off at a distance from the well, and subsequently deposited so 
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as actually to block the channels feeding the well. Acid treatment is, in 
fact, normally applied to comparatively small wells, and Pitzer and West *4 
point out that solvent action at the rock face is in general ineffective, and 
that to obtain successful results it is necessary to force the acid rapidly 
under pressure well back into the formation. They also state that no 
beneficial effect is to be expected in the case of hard (“ black ’’) limestones, 
since in these cases the initial choking will not occur. In this paper, and 
others by Best ** and Love,** a number of practical details are mentioned, 
such as the heating of both the acid and the formation in the case of dolomitic 
or sandy limestones which are somewhat resistant to attack ; or in certain 
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‘condi. —% cases cooling of the acid in order to slow down the reaction and allow the 
t to the B acid to be forced further back into the limestone. It is evident that each 





well has to be considered as an individual problem. 
Covell 87 gives some interesting curves showing the effect on certain 
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The theory of vertical flow has received some attention during the course 
of the period, but there is not a great deal of fundamentally new or detailed 
experimental work to report. The work of May and Laird ** published 
during the year was included in last year’s review for comparison with a 
number of other papers of a similar nature. May ** has republished the 
theory in a condensed form, and added nomograms for the energy availabie 
in oil of various saturation pressures and for friction and slippage losses. 
Swindell “ has carried out experiments on large-scale flow, and the various 
types of energy loss have been treated in a general way by Versluys *! and 
by Shaw,* who gives approximate figures for the amount of dissolved gas 









ling ® 
depth 
ick of 






















lation 

inish- necessary to lift oil under stated conditions. 

iction Lacey * has described a method for arriving at the total energy losses 

» and ina well. It involves the use of entropy, total heat diagrams for the fluid 
only entering the foot of the well, coupled with temperature and pressure 

t this measurements during flow. The method should prove of value in experi- 
irive. mental work confined to one particular well or for general purposes over the 

arely whole of a field in which the saturation pressure is reasonably uniform. 

. There is a general indication in the literature that the collection of fields 
data is being prosecuted with more vigour than heretofore (cf., for example, 
Pepperberg and Stephenson “ for a detailed list of essential data), but 

ever- there are no detailed studies to be added to the bibliography published last 
ir at year. ° 

rvoir On the subject of gas lift, apart from publications concerned solely with 
ither practical details, reference should be made to a paper by Foley,*® who 
n at classifies wells according to their pressure and sand permeability into groups 
th a adaptable to straight gas lift or intermittent gas lift of long or short cycle. 






He further suggests that restriction of production has materially altered 
the economic aspect of gas lift, which is no longer considered as merely an 
intermediate stage between natural flow and pumping designed to give the 
greatest possible capacity. With the slower rate of decline of reservoir 
pressures the necessary plant no longer has an unduly short life, and some- 
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what greater expense may therefore be allowed in designing on more 
scientific lines—in some cases with the resultant elimination of pumping 
altogether. 
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By E. A. SatcHeit (Member). 






PropucTION technique in 1934 was marked, as in the last few years, 
not by any basic inventions, but by specialized improvements in existing 





methods. 

How necessary this period of increased efficiency is to the industry can 
be understood by the fact ““ that whereas thirty-five years ago the average 
annual production amounted to three-tenths of the average annual dis- 
coveries, since that time it has gradually increased to one and a half times 







the annual discoveries. 

Central pumping powers have been extended to deeper wells with im- 
proved design of geared power."” Production has been increased and 
costs have been lowered by slowing down the pumping cycle and in- 
creasing the pumping time. Improvements have been experienced in 
the application of electrically powered displacement motor and rotary 
pumps of special design for deep well pumping. 

The adaptation of the telemeter, which measures the elastic deformation 
in the polished rod, has shown certain advantages over the spring and 
fluid type dynamometers. 

The study of gas solubility in crude oil has been brought to a practical 
basis by focusing attention on the economical aspects of investigations, 
particularly from the standpoints of ideal operating pressures, oil gravity 
and recovery, reserves, and casing-head gasoline production. 

More and more interest has been given to the substitution of bottom-hole 
flowing pressure and correlated production data for the open-flow testing 
















of wells. 





Acitp TREATMENT OF LIMESTONE WELLS. 






One of the most outstanding features in Production Technique for the 
year 1934 has been a very marked development “° in the treatment of 
limestone wells with acid. Many wells have been treated in the states of 
Michigan, Texas, Oklahoma, Kansas, Louisiana, Ohio, Illinois and 
Kentucky, and experiments have been carried out in Ontario, Canada and 






Tran. 
As is known, this treatment consists in the introduction of a solution of 


acid such as hydrochloric acid into true and dolomitic limestone wells for the 
purpose of increasing permeability by transforming fine calcite grains into a 
solution in water with evolution of carbon dioxide. This reaction is 
CaCO, + 2HCIl=CaCl, + H,O + CO,. The disintegrating action of acid 
on limestone has been known from the earliest times,? and the use of 
hydrochloric acid in limestone wells is by no means new, but up till 1933 
its application was rare, and confined chiefly to that of removing calcareous 
deposits from liners and the face of the pay. By the end of 1933, however, 
some 800 wells had been treated to increase production, and during 1934 
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this number was considerably increased. Commercial hydrochloric acid 
containing about 30 per cent. HCl by weight has proved to be a very 
suitable medium, but experiments on a sample of the pay rock with various 
strengths of solution should be made. Considerable research work has beep 
and is being done to find suitable acids, but more especially good inhibitors 
By an inhibitor is meant a substance of such a nature that the addition of 
10 to 15 per cent. by weight of the acid retards or prevents the attack of the 
acid on metals. The earliest satisfactory inhibitor, and one which is stil] 
considerably used, is commercial sodium arsenite, but numerous other 
inhibitors, both organic and inorganic, have since been discovered. Without 
an inhibitor, acid treatment of wells would be very rare; only, in fact, 
where the acid need not come in contact with steel, either in the well or 
at the surface. 

From the above remarks, therefore, it is easily understood that until 
a good inhibitor was discovered, the treatment of oil wells was negligible 
With its discovery, however, a very large field of usefulness was open to 
this practice. 

Research has been stimulated on the following problems : 


(1) The most suitable percentage of hydrochloric acid for the 
different types of lime rocks. 

(2) Suitability of other acids and the reactions and speeds to various 
limestones. 

(3) Acids with delayed action in order to allow the solution to be 
pumped into position before reaction begins. 

(4) An acid that does not begin reaction until pressure is released 
(It is claimed that this has been found, but is too expensive for 
commercial use.) 

(5) A non-aqueous base acid that forms with limestone a resultant 
solution which requires only one-tenth of the pressure that calcium 
chloride needs to force its way out of the formation. 

(6) Various experiments on the field in connection with delayed 
action, pressure /time reaction, including sealing-off porous formations 
with some medium in order to obtain hydraulic head. 


Acid treatment can also be used to loosen tools that have become packed 
tight in limestone cuttings. 

Introducing Solution into the Formation.—The methods of introducing the 
acid solution into the formation are very similar to those of cementing 
wells, and will vary according to subsurface conditions. 

When a true limestone pay, with low pressure and fairly porous, as is 
usually the case with this class of limestone, is to be treated, the mixtur 
can be run in cold through tubing to the bottom where gravity will carry it 
into position, but in the case of rocks of low permeability, a pressure job 
through tubing, as in a second cementation, is necessary. 

Also, as in cementing, it is necessary to get the acid into the required 
position—in this case as far as it will go—before reaction is completed. 
In the case of dolomitic limestone, which is denser and gives little reaction to 
cold acid solution, it is necessary to circulate, say, for 24 hours with hot 
oil, or to steam the pay through tubing, before pumping in the hot acid 
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to be again followed by a plug of more hot oil. In some districts the 
heating of the oil and formation has not been advantageous. 

Detailed Procedure for Treating Wells with Acid.—One method * is as 
follows : 

The casing and tubing are first filled with oil. The tubing is then con- 
nected to the tank containing the acid solution through a pump, and 
pumping down the tubing is commenced. As soon as a slight pressure 
appears on the pump gauge, the valve on the casing head is slightly 
opened, and an amount of oil equal to the capacity of the tubing plus that 
of the open hole below the bottom of the tubing is drained off. The valve 
on the casing head is then closed and pumping proceeds. When all the 
solution has been pumped in, it is followed by enough oil to empty the 
tubing, flush same and drive the solution into the formation. Valves are 
then closed and pressure is kept up to the required figure until reaction is 
completed. 

It may be mentioned here that in very low pressure formation the use of 
acid is said sometimes to seal the pores of the rock rather than open 
channels into the well. This is easily understood when the pressure is not 
enough to drive the water formed by the channel action out into the well. 
Jamin effect also, due to the formation of the carbon dioxide gas, may stop 
rather than increase the flow. In these two cases it is evident that water 
flooding or repressuring rather than acid treatment should be tried. 

Zwolle Field 1932-1934.4—The Zwolle Field of Sabine parish, Louisiana, 
where wells have been treated with acid with varying degrees of success 
during the last two years, has conditions particularly suited to the trying 
out of this process. The reservoir rock consists of a chalk—limestone 
mixed with marls that reacts readily to acid treatment; and the oil, 
which has a gravity of 40-42° A.P.I., occurs in apparently vertical or nearly 
vertical solution cavities, whither it has probably migrated from below. 
The production is therefore patchy, and the chances of striking oil are very 
hazardous. In fact, about 60 per cent. of the test wells were dry. There- 
fore, the introduction to the bottom of the borehole of a medium which 
eats its way longitudinally and then opens up drainage channels, has con- 
siderably more chances of meeting cavities containing oil than a single 
borehole, say of 8 in. diameter. 

To January 1934, more than 150 wells were treated with acid. Of 113 
wells thus treated, sixty-two showed a considerable increase in production 
and, from December 1932 to January 1934, forty-four wells showed an esti- 
mated increase in production of over 600,000 barrels, which was credited 
to the acid treatment. Some of these 113 wells were treated twice, and two 
of them a third time. Some wells also in their second treatment showed an 
increase following a failure of the first treatment. From this it may be 
deduced that each treatment opens up new channels or old channels further 
into the pay rock. 

In Michigan,® out of 700 wells producing from limestone, over 450 
wells have been treated. Over 1000 treatments were made, using approxi- 
mately 1,000,000 gallons of hydrochloric acid. These figures show that 
owners of wells in this district believe acid treatment pays. 

It is estimated there that, after treatment, many wells were put on 
production that would not have been if left untreated. 
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In Central West Texas, in low-pressure limestone and in the tighter 
limestones of Archer and Young Counties, the average production increased 
from 6-3 to 38-6 barrels per day. In the more prolific Hobbs district, 
wells treated with acid gave an average increase of 1874 barrels per day, or 
124 per cent. In Hobbs proper fifty-nine wells were treated in order to 
increase the potential for prorating purposes. 

As, however, all the operators were obliged, in self-defence, to treat their 
wells, and proration remained the same, the only benefit was to the acid. 
treating companies. In other fields, in the Permian Basin, the increase was 
considerable—namely, from forty-four barrels to 243, or about four and 
a half times. In Kansas and Oklahoma, a fairly satisfactory increase was 
unfortunately followed by a rapid decline. In such districts, therefore 
it is too early to say if acid treatment can be justified. Experiments hay 
been made in other areas covered by stripper wells, but again it is too early 
to say if the treatment will finally pay for itself. 

In Archer County, in the area which produces from limestone, larg 
sections of otherwise uncommercial leases have by acid treatment been 
turned into commercial ones. Again, old wells have been rejuvenated, 
and are now being produced at a profit. 

In conclusion, it seems that in certain conditions the treatment by acid 
of limestone wells does speed up production, but it has yet to be proved that 
ultimate recovery can be increased thereby. 


CARE AND OPERATION OF SMALL WELLS oF LoW PRESSURE OF THE 
APPALACHIAN BASIN. 


The author of this paper * points out that for many years routine has often 
been blindly followed in pumping wells in the Appalachian district, thereby 
resulting in inefficiency. Where, however, study has been given to eleva- 
tions of sands and pockets and checked with position of pump of each 
well, economy in pumping and amount of production can be, and has been 
obtained. Experiments to determine length of pumping periods have 
also made for economy. 

To take an example by changing from the stereotyped practice of pumping 
two days a week for three hours—in which time a well pumps off and makes 
three barrels of oil—to four times a week and a shorter pumping period, 
a well’s weekly production has been increased from six barrels to ten or 
eleven barrels. This method of operation refers to wells of low rock pressure, 
which naturally lack filling capacity due to fluid-head pressure. 

This paper gives examples of important changes, both in the use of 
material, such as the substitution of wood by steel and concrete, brought 
about by the scarcity of local timber, and of new methods which have been 
suggested as worth trying following research work carried out by the 
United States Geological Survey’ and the more important petroleum 
corporations. 

Among the more obvious changes are the substitution of home-constructed 
rigs by shop-fabricated structures, better rig irons and, as mentioned above, 
owing to the searcity of cheap local lumber, the setting of engines and 
pumps on cement foundations and making jack posts, samson posts and 
walking beams out of salvaged 8-inch to 4-inch casing, thus eliminating 
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constant renewals and at the same time minimizing the chance of accidents. 
Better designed heaters for heating oil, always necessary to remove dirt 
and eliminate difficulties in delivering oil to the pipe-line companies, are 
nowinuse. One type, of the return-tube boiler design, is built up by welding 
into a section of 10-inch or 8-inch pipe, tubes made of l-inch pipe. This 
is then set up on a brick foundation and connected to the storage tank. 
In the oil-run steel tank a direct oil-heater of the flue type has been used 
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e acid. § with satisfaction and economy. 
USe Was As regards improvements in practice, a method for cleaning out wells, 
ur and & especially those choked with paraffin wax, is described. This operation 
se was # consists of generating heat in the pay by introducing carbide and water, 
refore, § 300-500 lb. per charge, depending on the size of the hole in the pay sand, 
8 have & with the addition of one barrel of water for each 100 lb. of carbide. 
»early § After heating, followed by agitation and bailing-out operations, many wells 
are stated to show an increase of oil and gas. As is well known, some wells 
large # are very prone to cave, and are therefore expensive to operate. In the 
t been case of inveterate ‘ cavers,” dumping river gravel into the well not only 
nated, # prevents caving, but also supplies an efficient screen. This practice is 
universal with water wells producing from sands. 
y acid Now that making casing-head gasoline has ceased to be a profitable 
i that § business, vacuum pumps for extracting casing-head gas are no longer needed, 





and vacuum conditions resulting therefrom have ceased to exist. The 
compressor formerly used for making gasoline is now utilized for returning 
unwanted gas into depleted sands, where it is stored until required for 
pumping and oil heating in the winter. In some cases where the oil- 
producing area is divided up into small properties, which is usually the 
case in the Appalachian Basin, unit operation as far as repressuring or 
the storing of gas has been agreed upon, to the common advantage of the 
lease operators. The treatment with acid of wells producing from lime- 
stone which have gone dry has, in some cases, revived production, and shows 
that this treatment is sometimes worth while. 
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The Bradford and Alleghany fields are the outstanding examples where 
the recovery of oil by artificial water flooding has been successful. The 
Bradford field is especially adapted to water flooding, as the wells are 
only 1500 feet deep, need only about 350 feet of casing, and, what is most 





















ure 
important, there is an abundant supply of clean water. 
> of There remain some 60,000 acres of productive territory in this field to 
ht be water-flooded and, from the tests made on cores for permeability 
een and porosity, they contain from 8000 to 30,000 barrels of oil per acre, 
the of which quantity it is estimated that 40 per cent. is now being recovered 
‘um by the latest flooding methods referred to below. This percentage is 
considered by the writer of the paper to be about double the amount that 
ted would be recovered by air or gas repressuring. 315 million barrels have 
ve, already been extracted, and it is suggested that over two-thirds above this 
ind figure—say, 200 million barrels—can still be extracted by flooding. 
nd The ultimate recoveries obtained, by natural water flooding—t.e. by 
ing admitting water to the oil sand from the gravel beds below the ground 
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surface—are said to have varied from 2000 barrels to 7000 barrels per acre Th 
but by the new methods 3200 to 12.000 barrels per acre are suggested. ‘(or Se 
Peak production of wells varies from five to forty-five barrels per day, § the « 
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The average producing life of a well is slightly less than 5 years. At the where 
present rate of extraction, the field should have another 20-25 years’ > wero 
life, and it is confidently felt that the present research work applied to this ay on 
field will increase the total recovery and also the life of the field. aa 


METHOD OF OIL RECOVERY BY WATER-FLOODING PROCESS IN THE BRADFORD FIELD. 
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The latest designs for spacing the wells are what are called five-spot 
or seven-spot pattern, ¢.e. one oil out-take in the middle of a square at 
the corners of which are water inputs or one oil out-take enclosed by six 
input wells in the pattern of a regular hexagon. The spacing in both cases 
between water inputs is from 200 to 450 feet. As regards the methods of 
recovery, it has been found that, by delaying the drilling of the oil out-take 
well until the input water wells have been flooded, a more even distribution 
of the water flooding takes place, and more oil is thus recovered. 

Another method, called the flowing method, is of flowing the oil well, 
ie. by pumping enough water into the formation through the intake wells 
until the producing well flows. This necessitates packing off the various 
thief sands above the pay. 

The intake wells take 30-250 barrels of water per day, according to 
permeability and porosity. 

Water input to all wells is metered, weekly readings being taken. 

Average costs of the flooding process are said to vary from $2500 to 
$3000 per acre. 

A diagram of the complete system is shown in Fig. 1. 


INCREASED RECOVERY BY APPLYING AIR AND GAS PRESSURE TO OIL SAND. 


The latest development in repressuring technique in the Pennsylvanian 
field was the subject of another paper read in June of last year to the 
A.P.I. at Pittsburg. After referring to the lack of success by flooding in 
the Warren District, the author proceeds to give a description of the 
repressuring methods applied there. This field, which produces the most 


valuable crude in the world, a high-grade natural lubricating oil, has been 
under production for 75 years, yet the author claims from actual cores 
taken close to wells, presumably pumped dry by natural method, that some 
5000-30,000 barrels per acre, according to the permeability and porosity of 
the sands, still remain. (The increase of oil won and still capable of being 
recovered is referred to later.) 

The problem has been to overcome the capillary forces in the pore 
spaces, the inertia of the oil or adhesion to the sand grains, by drilling in 
the most suitable positions an adequate number of intake wells and from 
them, by means of some agent (gas, air, oil or water), driving or coaxing 
the oil into the producing well. Oil and pure gas are not available. Water 
flooding has been tried, and has been partly successful, but it is not a good 
medium for removing this grade of oil from the sand particles, as can be 
proved by the simple experiment of mixing sand and lubricating oil to- 
gether in a bucket and then pouring water into it, whereas the introduction 
of gas and air—pure gas, of course, being preferable—reduces the viscosity 
and helps to carry the oil with it to the producing well. 

Early difficulties in repressuring were in making the gas and oil go 
where needed, i.e. permeate the sands containing oil and carry it to the 
required output well. This necessitated not only a better knowledge of 
where the richer deposits of oil were located, but also stopping gas and 
air mixture from by-passing them or from being absorbed into existing 
dry and spent sands. 

A survey of the areas to be treated by coring showed where the richer 
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beds were, and also indicated which beds were dry and which contained 
water. 

By the introduction of a newly designed multiple packer on tubing, the 
dry or water-bearing horizons can be packed off, leaving open only the richer 
beds for repressure treatment. 

In the early experiments, the repressuring wells were chosen haphazard, 
irrespective of where the air might go. Old spent wells were sometimes 
chosen as intake wells because they happened to be there. 
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Fic. 2. 


IMPROVED PATTERN WITH SPACING LONGER ALONG THE AXIS OF THE ‘“‘ STREAK.” 


It was already known from early days, when the wells produced naturally, 
that the sands were streaky. It has also since been proved, from trials 
of repressuring in favourable horizons and areas, that the total oil won is in 
direct proportion to the amount of gas and air suitably injected. 

Working to these data, an improved pattern or grid for laying out intake 
and producing wells along the axis of the streak was evolved. The probable 
action and path of the air and oil are indicated in Fig. 2. 

Of repressuring media, gas is, of course, the most desirable, on account of 
its being highly soluble in oil under pressure, but in its absence air is the 
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cheapest and most widely used. As a word of warning, in order to avert 
explosions, it is essential to analyse the gas (coming from the wells) used 
as fuel to compress the air. In this connection, it is satisfactory to note 
that even in a field that gives little gas the amount recovered will increase 
with repressuring. 

The application of 1000-1500 cubic feet of free air per foot of effective 
producing sand has been found suitable for this field. Pressures from 
50 to 300 lb. per square inch are usual. The cost of compressing air is 
stated to be from 3 to 5 cents per 1000 cubic feet, depending on the pressures 
required. 

The author gives a comparison of the relative effectiveness of repressuring 
by two methods from actual results on one of his properties. 


(1) Operation by the older method of fewer wells (three) widely 
separated, but advantageously located. 

(2) Covers a period of 22 months by the newer method of drilling 
pressure and producing wells according to predetermined pattern, 
say using more pressure holes and less volume per intake well. 


Barrels, 


(1) Total oil recovered , ; . : ; , : ‘ 12,500 
Probable recovery by natural method . ' ‘ . 4,800 
Gain due to artificial method ; , ‘ ; : 7,700 

(2) Total oil recovered ‘ . ; ° . . . . 30,030 
Probable recovery using older method . . ‘ : 9,005 
Gain due to new method ; ‘ ; - : , . 20,425 
Probable recovery due by natural method P ‘ , ‘ 3,960 
Total gain due to repressuring , 4 R . ‘ . 26,070 


The author concludes his paper by stating his conviction that much 
of this valuable lubricating oil is still trapped in the Pennsylvanian sands, 
and can be recovered by artificial means at a profit, and that in the 
shallower wells (700 feet) tunnelling and mining will be both possible 
and profitable. 


Pumptnc UNITs. 


In 1934 several twin crank pumping powers (see Fig. 3) were intro- 
duced with long strokes varying from 24 inches to 74 inches designed to 
run from eight to ten strokes per minute with capacities for 10,000 |b 
20,000 Ib., and 25,000 Ib., A.P.I. polished rod load capacities. 

The reduction gearing is mostly single helical, with Timkin tapered 
roller bearings. The low-speed and high-speed trains are opposed, and 
only the difference of the thrust of the two trains is taken up by the 
Timkin bearings. In some designs split hubs are used on the crank, and 
three keyways evenly spaced are used on the speed reducer crankshaft. 

It is becoming general practice to incorporate a derrick type of samson 
post the wider base of which gives extra rigidity to the beam. 

Both link and arc type of heads are used to ensure as straight a stroke 
as is possible. 

Pumping Powers used for 3500-feet Wells on the Panhandle District. 
The balancing of stresses and loads on pumping powers and elimination 
of friction on rod lines has always been a fascinating problem for engineers, 
who well know how difficult it is to carry long rod lines up and down steep 
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gradients and over broken territory for a reasonable sum without great 
loss of power caused by friction which also breaks lines and wears away 
dowel-heads. The Gulf Company and Skelly Company on the Panhandle 
appear to have successfully overcome these difficulties in pumping wells 
up to 3500 feet from central powers, which is no mean achievement. 

The problem has been whether to follow the old practice of using swings 
for raising and lowering the levels as the terrain requires, or to run long 
lines on the catenary curve system (modified, of course, as the lines lay 
on posts and dowels), which necessitates levelling up valleys by means 
of long posts and cutting through elevations. The Gulf Company have 
followed generally the former method, but the Skelly Company the latter, 
and have overcome the difficulty of having constantly to lubricate the 
elevated dowels by automatic lubrication, and in some cases, where the 


Fie. 4. 
SKELLY OIL CO.’S WEST SHAFER POWER. 


abrasive soil and blown sands demand it, by totally enclosing them. 
The choice between the two systems would appear to be the comparing of 
costs of swing posts, counterbalances, tie-downs in valleys and hold-ups 
on the high points with the costs of excavations and the installation of 
long posts the bases of which must be securely held in concrete or by 
adequate tamping. 

Apart from the comparative costs of each system, it would seem that the 
catenary-line method would need less power at the power station. 

The Skelly Company is said to have the largest “‘ power” on the Pan- 
handle (Fig. 4). The prime mover is a 100-h.p. twin-cylinder gas engine. 
The power has a 24-feet band wheel driven by a 24-inch belt running on a 
30-inch face pulley. The 24-inch belt is driven from the gas engine through 
a countershaft set on concrete piers at right angles to the engine, which is 
set on the power side of the countershaft. Slack on the short drive—that 
is, from the engine to the countershaft—is taken up by a belt tightener. 
The belt which drives the band wheel is endless, where slack is taken up by 
a floating type of idler. 
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Large-Size Geared Motor for Deep Pumping Well.*'—The first large-six 
geared motor unit for pumping a deep well has been installed in the south. 
west section of the Oklahoma City field, where cheap electric power js 
available. The well on which this geared motor unit is installed is 6425 
feet deep and the pump located at 6396 feet. The level of the liquid now 
stands at about 6200 feet, which is therefore the actual lift. The well is 
equipped with 2}-inch tubing and the rods consist of 2475 feet of {-inch 
and 3000 feet of ?-inch. The pump used is 1}-inch. 

To operate this well, the geared unit is rated at 40 h.p. for continuous 
operation, and is of double reduction type, with heat-treated, single 
helical gears. The gear ratio is 20 to 1. The low-speed shaft is 41} inches 
in diameter, and rotates in two double-row ball bearings, but single-row 
ball bearings are used on the intermediate and the high-speed shafts 
When operating at full load speed, the slow-speed shaft rotates at 87 
r.p.m., which is reduced in the sprocket to the rig front by a ratio of 19 to 
94, thus giving to the pump between 17 and 18 r.p.m. The length of 
the stroke on the polished rod now in use is 44 inches. 

The motor is of the general purpose type rated at 40/25/15 h.p., 1760 
r.p.m., 440 volts, three-phase, 60 cycles and of splash-proof construction 
The 15-h.p. connection is enough to start the pump without rocking 
At the present time, the motor is connected for the 25-h.p. rating. The 
control apparatus consists of a disconnecting switch and a line starter 
equipped with thermal relays, and includes a low energy relay, so that the 
motor can be operated by remote control. The disconnecting switch is to be 
replaced by a circuit breaker. Provisions are also made for utilizing the 
different ratings of the motor. The motor and line starter are connected 
to three plug receptacles, so that the insertion of the plug used at the 
terminal of a short three-conductor flexible cable will set up the connections 
for one of the three motor ratings. An interlocking safety device has been 
provided, so that the circuit breaker must be opened in order to have 
access to the plug, thus eliminating the danger of pulling the plug when the 
motor is loaded. The control apparatus is enclosed in a water-proof cabinet 

In conclusion, it may be said that this unit is novel only in connection 
with the depth of the well to be pumped, and that it can only be practicable 
where electrical power is cheap, crude oil fetches a good price and there 
is no sand to cause pump troubles. No mention is made of pulling 
operations, which one supposes would be done by some other well-servicing 
equipment, such as an ordinary pulling machine mounted on a truck or 
tractor. 

The following tables are of interest : 


Tas.e I. 


Production and Power Consumption of the Well. 


Kilowatt Total Total K.W.H. 


per Hour —, Kilowatt Production cop Caneel — 

Input. perated. Hours Used. Barrels. I arrel. eet. 

8-0 20 160 74 2-16 6200 
8-72 22 192 68 2-82 
6-67 24 160 80 2-00 


180 89 2-02 
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TasLe II. 
Efficiency and Power Factor of Triple Rated Motor at a Reduced Load. 





Horse-power Connection. 


40. 25. 15. 
Efficiency at 8 Kw. Input 88 90 90-5 
Power Factor at 8 Kw. Input 68 90 92 


Sucker Rops. 


As the sucker rod is still used to bring to the surface nearly all the oil 
in the world that has to be raised by artificial means, it remains one of 
the most important links in the chain of production. 

Messrs. Westcott & Vollmer of the Gulf Research and Development 











Fic. 5. 


DORDELET SUCKER-ROD JOINT. 


Corporation, Pittsburg, Pa., delivered before the Autumn Meeting of the 
\1.M.E. Petroleum division, Tulsa, October 1934, an excellent and 
critical paper embracing the history, development of design of joints and 
physical properties of the sucker rod. This paper points out that the 
design of the A.P.I. present model boxes and pins differs very slightly from 
those used on wooden sucker rods to pump the first oil wells. Two designs 
of joints specially discussed are the Dordelet and “undercut” sucker- 
rod joints (see Figs. 5 and 6), and one wonders, from the results obtained 
from the tests of these joints over prélonged periods, why the Dordelet 
joint, at any rate, has not been more generally adopted. One of the 
obvious reasons is that it is not interchangeable with the A.P.I. model. 
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The Dordelet joint was invented by Commandant H. L. Dordelet, g 
French military engineer, to withstand looseness caused by vibration on 
threaded members in heavy armaments; hence its application to sucker. 
rod joints. Superficially, it is a modified Acme thread, but is so satis. 
factory and revolutionary in effect that the comparison is unnecessary 
The advantage of this thread is that it does not come unscrewed in the 
well. In design the root of the pin thread, instead of being paralle! to 
the axis of the joint, is inclined downwards towards the axis at an angle 
of 6 degrees. The crest of the box thread is similarly tapered, but the root 
of the box thread and crest of the pin are parallel to the axis of the joint. 
In screwing up, an ever-increasing compressive force is exerted on the 
surface until the abutment side of the box thread contacts with the abut. 
ment side of the pinthread. The load is then held by a tapered pin forced 
into a tapered box. The Dordelet is inherently stronger than the A.P.I. 
design, and stresses are more evenly distributed. 

The other joint which calls for special notice is the under-cut pin. The 
breaking off of the pin of sucker rods at the base is so common that 
comment is here unnecessary. The fact also that a threaded bolt with an 


atncut Suclie tok 


Fic. 6. 
UNDER-CUT SUCKER ROD JOINT. 


under-cut nicely rounded off is stronger than an ordinary bolt with the 
thread cut into the diameter is also well known. It is strange, therefore, 
that this design of pin has not become more generally used. This model 
also has the advantage that it can be adopted to the A.P.I. design joint. 
Research work continues on projective coatings and alloys for use in 
corrosive oils and water. Work on heat treatment continues, as it does on 
the use of special alloys, but the extra cost is a very large factor against 
their several uses. As regards corrosion, investigations are now being 
carried out which, if successful, will provide a rod capable of withstanding 
corrosive elements at a cheaper cost than those now on the market. 


PREVENTING CuTTING oF OIL THROUGH CHURNING.'™ 


In the Eckert field, Texas, for pumping wells of few barrels for the purpose 
of preventing the cutting of oil through churning, l-inch tubing with cups 
and lower valve is run into the 2}-inch tubing, which retains its standing 
valve. The former is operated as sucker rods, but with the surface joint, 
which corresponds to the polished rod, connected by means of a rubber 
hose to a suitable discharge pipe or tank. By pumping the oil through the 
l-inch rising main and keeping the 2}-inch tubing empty, churning is 
avoided ; hence, there is no cutting of oil after the head has been pumped 


off. 
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a . Repwoop TANKS FoR LEASE Use." 
10n on 
sucker. Another development has been the adaptation of the redwood tank to 


modern lease conditions in districts producing an oil with corrosive pro- 


») Satis. 

essary perties. The redwood tank, although a humble member of the oil in- 
in the | dustry, has again shown its value through ability to withstand absolutely 
alle! to | corrosion caused by hydrogen sulphide. 


The new redwood tanks are gas-tight, are made with a longitudinal 
groove in each stay to allow a water seal in each joint, and are also fitted 
with a gas-tight deck which holds water. These improvements, besides 


h angle 
he root 


> joint > rane ‘ . 
on the making the tanks gas-tight, both eliminate their former disadvantages of 
» abut. § drying out and also prevent the seepage of oil between the stays. 
for: ed 
A.P.L WELL Servicinc Equipment." 

The Another important development for the year 1934 is the substitution 
1 that ofthe diesel for petrol engine on tractors, pulling machines, pumping powers 
ith an 224 individual wells. Owing to the improvement of roads, the -aterpillar, 


which is also now supplied with diesel engines, is being replaced by pulling 
machines mounted on high-speed trucks, thus eliminating not only the 
comparatively high fuel costs of the former, but also the time lost in moving 


from one lease to another. 
Such pulling machines are finding a ready market owing to the increased 


use of pumping powers on deeper wells brought about by proration. 
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TRANSPORTATION AND STORAGE. 


y A.C. Hartiey, O.B.E., A.C.G.1., M.Inst.C.E., M.I.Mech.E. (Member). 


A GENERAL review of the literature for the year 1934, as in the case 
for the year 1933, shows the year to have been notable more for steady 
improvement in the materials used and in methods of construction and 
maintenance, already described in “ Progress of Naphthology 
two years, rather than for the introduction of any important new develop- 


: 


’ in the last 


ments. 

The completion of the Iraq—Mediterranean pipe-line in the year under 
consideration is of particular interest. An account of the pumping sets 
and other equipment installed in the twelve stations along the two routes 
appeared in Engineering } and in the Engineer? 


PIPE-LINES.—MATERIALS AND CONSTRUCTION. 


The majority of pipe used has been manufactured in accordance with 
A.P.1. Pipe-line Specification 5L, and the proportion of solid drawn seamless 
pipe has been greater than in previous years. 

It is worth noting, however, that the use of reclaimed pipe for the 
construction of new lines is greatly on the increase. The practice is facil- 
itated by the use of welding. Practically the whole of the 12-inch 70-mile 
line of the Lone Star Gas system was constructed of salvaged pipe.’ 

The Houston Pipe Line Company has set up a central cleaning yard for 
reconditioning pipe, coating and wrapping it. A description of the plant, 
which has a capacity of about 15,000 ft. of pipe per day, is given in the 
Oil & Gas Journal4 

Further experimental and research work has been carried out on the 
flow of oil in pipes, and useful articles have been published in which the 
results obtained have been put into convenient formule and curves which 
greatly facilitate the calculations of pumping pressures under a great 
variety of conditions. A useful nomograph for these purposes is described 
in the J.P.7. Journal.® Friction factor in relation to roughness and pipe 
diameter is discussed in detail in Jnstruments.® 

An article by Mr. W. G. Heltzel in the Oil & Gas Journal’ explains 
very fully the derivation of formule for equivalent lengths of pipe for both 
streamline and turbulent flow in multiple parallel pipe-line systems. 

The A.S.M.E. have also sponsored research on the measurement of 
fluid flow in pipe-lines, and friction coefficients based on tests are given.* 

Further work has been carried out on the subject of corrosion and on the 
development of suitable coatings and wrappings for the protection of 
pipe for normal conditions, and also for extremely corrosive conditions. 
Among the latter, mention should be made of tests on a rubber covering 
by the B.F. Goodrich Company.® 

A rubber coating which is vulcanized in situ is also being tried out, 
and is a coating likely to be effective against soil stress and electrolysis 
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as well as against corrosive soil. Pipe is, in some cases, being wrapped at 
the mills on the reasonable supposition that the mechanical application 
of hot bituminous coating at the mill is more likely to prevent moisture 
or air bubbles from being trapped than the application of primer and coating 
in the field.1° 

Pumping pressures have again been increased for large diameter lines 
as a result of the improvement in quality of pipe now available, and to 
take advantage of the reliability of the latest methods of construction. 

Welding has now not only superseded screwing as a means for making 
joints in new pipe-lines, but has also been used for replacing screwed 
joints in old lines whenever extensive repair work has had to be carried 
out. 

The “ double bell’ type of joint with internal sleeve or backing up ring 
has again been extensively used, but there has been a greater tendency 
to use plain butt joints without inner sleeve, and so avoid the expense of 
belling the ends of the pipe and providing sleeves. Details of the welding 
of a 12-in. line with plain butt joints are described by Mr. A. F. Davis in 
the Oil Weekly.™} 

The ends of pipe for plain butt joints were previously bevelled to form 
an included angle of 80 degrees or less when butted, and the joint was set 
up for welding with a gap of about } in. between the ends of the pipe 
It has later been found preferable to bevel the ends to form a greater in. 
cluded angle, and to butt the ends of the pipe without a gap. With this 
arrangement it has been found possible to speed up the rate of welding 
without increasing the risk of icicles. 

A novel method of renewing a pipe-line under a navigable channel has 
been successfully applied, consisting in threading through the existing line 
a new line of smaller diameter. In one case an 8-in. line was run through a 
12-in. line, and in another case a 6-in. line through a 10-in. line. The new 
line was laid without closing the navigable channel while the change was 
made. The new line is by this means protected from the corrosive action 
of the bed of the channel. A serious disadvantage is, however, the re- 
duction in effective diameter.” 

A river crossing in which the pipe was welded on the bank to the contour 
of the river bed, coated and protected with wooden lathes agairist damage 
during handling, and then pulled into place in the river, is described in 
the Oil & Gas Journal.™ 

To avoid the action of highly corrosive water in another river crossing, 
the pipe was carried above water level on a suspension bridge.“ The 
laying of a pipe-line involving a number of different problems in pipe- 
line construction, including railway, highway and river crossings, and ground 
water lowering around the trenches in which the pipe was laid, is described 
in the Oil & Gas Journal." 


PumpPtnGe STATIONS. 


The “ Rannett’’ Pump, which was referred to as the outstanding 
development of the last two years in pumping-station plant, has again 
been used in increasing numbers where a public supply of electrical power 
is available. Sizes of 200, 400 and 700 h.p. were installed in the Great 
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Lakes Pipe Line Company’s secondary stations, driving 8-stage centrifugal 
pumps.*® 

Centrifugal pumps have again been used in large numbers, and their 
efficiency has been further improved. Variable-speed motors have been 
used to drive centrifugal pumps, and so increase the flexibility in capacity 
of the pipe-line system. These have been wound rotor induction motors, 
motor generators with D.C. motors and the “ Scherbius ”’ control system. 
The wound rotor system is cheap, but the efficiency drops off rapidly as the 
speed is reduced.?? 

The selection of electric equipment for pumping stations is very well 
dealt with in an article by W. H. Stueve in the Oil & Gas Journal.'* 

The relative merits of electric motors, diesel engines or gasoline engines 
for pumping stations are compared in an article in the Petroleum World,” 
in which the replacement of electric motor-driven sets by gasoline engine- 
driven centrifugal pumps is described. 

The use of diesel engines has been extended, particularly for driving 
centrifugal pumps through speed-up gears. This arrangement has given 
great flexibility. 

The “ closed-circuit ”’ system of cooling water, referred to in previous 
years, has been universally used, and there has been an increasing tendency 
to put the heat exchangers on the delivery side of the oil pumps rather than 
on the suction side. 

Welding has been increasingly used for making emergency repairs on 
diesel engines. Such repairs as cracked bed plates or engine frame, 
straightening cracked shafts, or the repair of broken shafts, straightening 
bent connection rods and welding cracked cylinder heads, have been fully 
described in the article by J. B. Harshman in the Oil & Gas Journal.® 

Waste heat boilers in connection with diesel sets are described in the 
Oil & Gas Journal.** 2 

The A.S.M.E. have carried out investigations to determine whether it 
is possible to apply automatic and semi-automatic controls to the gathering 
and pumping of crude oil. The latest improvements and most up-to-date 
ideas in automatic and semi-automatic controls have been investigated, 
and a demonstration station has been set up to show that the equipment and 
methods are successful in actual practice.” 


NaturaL Gas TRANSPORT. 


| 

Nomographs for determining the flow of| gas through an orifice are 
reproduced in the Petroleum Engineer.* Maintenance and testing of 
orifice meters are dealt with in Oil Weekly,?® and the field testing of large 
capacity positive meters is given in the Oil & Gas Journal.”® 

Mr. A. G. Suvarov describes in the Journal of Applied Chemistry U .S.S.R.?7 
an apparatus for sampling gases. 

A stop-explosion device depending for its action on wire screens is 
described in the Pipe-Line News.?* 

The Petroleum World ®® gives an account of the tracing of losses in gas 
lines by metering, while the use of an odorant introduced into gas is gaining 
favour as an alternative.” 

The corrosion of gas lines under certain conditions appears to be con- 
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fined principally to lines where the pressure is above about 75 Ib./sq. in 
Dehumidification of gas reduces corrosion.*! 


MAINTENANCE OF Prpe-LINES AND CORROSION. 


Standardized repair procedure is largely used.5* The amount of mileage 


of main pipe-line systems which requires heavy maintenance and replace. 
ment is increasing year by year with the age of the main pipe-line systems, 
and the major pipe-line companies have now developed a very thorough 
system of reclaiming pipe. 

Pipe is in many cases handed over to a pipe-line construction company, 
who recondition the reclaimed pipe and cut and bevel the ends for re. 
welding.* 

The reconditioning of lines in situ in salt marshes is dealt with in the 
Oil & Gas Journal. 

The research and experimental work on corrosion, referred to in pre. 
vious years, has been continued, and was again dealt with very thoroughly 
at the Annual Meeting of the American Petroleum Institute—Production 
Section, and is reported in their Production Bulletin No. 214 (November, 
1934). 

The American Petroleum Institute—Corrosion Committee—started 
work in 1928, and the recent developments are given in Progress Report 
No. 4 of the Third Inspection of Pipe Coating Tests on operating lines, 
and Second Inspection of Short Coated specimens by Mr. Gordon N. Scott 
of the National Bureau of Standards, Washington, D.C. 

It is emphasized in the report that the principal concern of the engineer 
must be the elimination of as much maintenance cost as possible, and that 
each particular job usually requires special attention depending on the 
local circumstances ; but, in general, they will fall into one of three classes, 
consisting of the two extreme cases of relatively non-corrosive and severely- 
corrosive environments and the intermediate environment, which is pro- 
bably the most extensive of all. 

The following conclusions are based on the results of 1934 and previous 
inspections, and are subject to revision after the final inspection which will 
be carried out : 


“1. While complete prevention of corrosion by any of the coatings 
in these tests has not been realized, pitting has been reduced by most of 
the coatings. A practical view of the problem of pipe protection is 
taken, and suggestions offered in the choice of coating. Shielding or 
reinforcing is considered minimum and necessary practice in pipe 
protection for average conditions. Special measures depending on 
circumstances will be required in severely corrosive environments. 

‘2. In general, soil stress is progressive, and is the most important 
factor in coating design. Methods of eliminating soil stress are discussed. 

“3. The next most important progressive factor is the absorption 
of moisture by the coating. Suggestions for the improvement of coatings 
in this respect are given. 

“4. Neither of the electrical tests is entirely satisfactory for arranging 
all coatings in any order of preference. In a particular case the con- 
ductance may measure the amount of water absorbed and/or the area 
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of pipe surface exposed. The amount of dissolved substance in the water 
will determine the particular value of conductance determined. The 
pattern test is efficient only when there is an actual exposed area of pipe. 
However, both of these tests are of value in eliminating the less desirable 
coatings. The best criterion for judging the behaviour of a coating is 
the condition of the pipe. 

‘5. For the purpose of arranging a variety of coatings of different 
types in order of relative merit, tests on short pipe sections of small 
diameter do not agree closely with tests on large operating lines. Reasons 
for this disagreement are discussed. Within a group of similar coatings 
the order of relative merit obtained on short pipe sections is reasonably 
accurate. 


The A.P.I. Production Bulletin also includes a paper on the cause of 
rrosion in Alkali-Knoll soils by Mr. Walter F. Rogers of the Gulf Oil 
‘ompany, Houston, Texas. An abstract of this paper is as follows : 


“It has been found through experience that pipe-lines on the Gulf 
Coast which pass through ‘ alkali-knoll’ soils are subject to a much 
higher corrosion rate than found in adjacent clay or clay-loam soils. 
An examination was made of the soil texture of a number of these 
alkali knolls, and it was found they were composed largely of sand and 
silt particles—the clay content being very low or missing. To determine 
the cause of the high corrosion rates obtained in these soils, a study was 
made of two alkali knolls and one adjacent, but non-corrosive, clay-loam 
soil. The study included the determination of the annual soil-moisture 
variation, the electrical resistivity, soil texture, ete. In addition, 
the effect of various water concentrations on the corrosiveness of each 
soil was obtained by a laboratory test. The combination of the data 
from the field and laboratory measurements shows why the alkali knolls 
are more corrosive than the adjacent clay loam. The reason is largely 
that the clay loam was too wet to give rise to rapid corrosion rates, while 
the alkali-knoll soils were in a state of effective corrosion at all times.” 


The conclusions from the laboratory and field work which has been done 
on these alkali-knoll soils are as follows : 


‘1. It has been found by field experience that alkali-knoll soils are 
corrosive to pipe. They usually give rise to average annual pitting rates 
of 20 mils to 30 mils per year. 

“2. It has been found that these alkali knolls are composed largely 
of large-size soil particles, such as sand and silt. 

‘« 3. The same type of soil as found in the knolls may continue between 
hummocks, so that corrosion is obtained between mounds as well as in 
them. It is also possible to have this type of soil and no hummocks. 

‘4. Laboratory tests show the relation of soil moisture to corrosion 
rates, and show that the water content largely governs the effective rate 
of corrosion for the soil. 

‘5. Field data have shown that for the eight months of test these 
alkali-knoll soils were in the region of soil-water content wherein rapid 
corrosion takes place. This was in contradiction to the tests on a non- 
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corrosive clay loam which was found to be too wet most of the time for 
corrosion to occur. 

“6. These alkali-knoll soils are of high permeability due to their 
composition of large-particle sizes, and allow of oxygen access to the pipe 
face. This is shown by the development of thick oxide scales on the 
pipe surface. 

“7. The function of the soil resistivity is not altogether clear, but 
apparently low resistivity makes for an increased corrosion rate. 

8. The use of the combination of field and laboratory data as given 
in this report enables the exact mechanism of field soil corrosion to be 
determined.” 


Equipment and tools used for maintenance work have again been greatly 
improved, and heavy duty tractors with winches, side booms, etc., and other 
pipe-handling equipment of quicker and handier types, are available 
Improved pipe-cleaning machines are also available. 


STORAGE. 


Welding has again been used to a large extent in tank construction, 
and tanks have in most cases been completely constructed at site from 
plates delivered direct from the rolling mills. 

A.P.I. Production Bulletin No. 214 includes a report of the Committee 
on the Standardization of Steel Tanks for Oil Storage, in which changes 
proposed for the tentative specifications on all-welded tanks are discussed 
There was considerable discussion at the meeting regarding the use of 
bottom angles in the manufacture of welded bottoms on riveted shells. 
Some of the members urged the elimination of the bottom angle, and others 
desired to retain it; whilst another member recommended that its use 
be optional. 

Degassing stations and provisions for oil storage at Tripoli and Haifa of 
Iraq pipe-line are described in the Engineer.*5 

The use of wood to provide roofs for steel tanks when used for storing 
oils of high sulphur content has proved to be economical—redwood is 
used .*® 

As regards fire-fighting, attention is directed to experimental work in 
connection with the use of air as a means of preventing boil-overs of oil in a 
burning tank. Boil-overs occur as a result of the water and bottom settlings 
becoming over-heated and ejecting part of the contents of the tank with 
disastrous consequences. Compressed air applied to the contents is stated 
to keep the whole mass in constant motion and prevent boil-overs.*? 
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PETROLEUM LITERATURE, 1934. 
By Wryirrep 8. E. Ciarke, B.Sc. (Associate Member). 


EVEN a cursory review of publications on petroleum technology published 
in 1934 indicates that there have been more contributions than inthe previous 
year—for example, the study of motor fuels regarding its preparation and 
applications has continued with unabated zeal. A publication such as 
that of Nash and Howes on motor fuels is an extremely valuable asset to 
the annals of the history of motor fuel itself and to workers in this domain. 
Another outstanding advance in the chemistry of petroleum and its deriva. 
tives is exemplified in Carleton Ellis’ recent book, in which innumerable 
petroleum products and special products are treated with the utmost 
detail. 

The same classification has been adopted in this report as that used 
last year. The more important publications are mentioned in greater 
detail in the text, whilst those of lesser importance are quoted in the 
bibliography appended at the end of this report. 


GENERAL. 


Amongst those publications of general, political or historical interest 
may be mentioned “ The Story of Petrol” ! by C. Webber, which is well 
illustrated, and gives an account of petroleum production from a non- 
technical viewpoint. 

An account of the economic aspect and legislation of the petroleum 
industry in different countries is continued in the information circulars 
of the Bureau of Mines—namely, Mining Laws of British Guiana and of 
British Honduras,® both written by E. P. Youngman. 

The growth of the French petroleum policy and recent legislation on 
the question of monopoly are dealt with in “ Le Régime du Pétrole en 
France ” by H. G. Thomas,‘ in which an account is also given of L’Office 
National des Combustibles Liquides. 

The petroleum situation in the United States of Soviet Russia is also 
described in “ Industrialized Russia ” by A. Hirsch.5 A similar description 
embracing Italian interests is given in “ Le Guide Italiana del Petrolio 
Legislativa ’’ by G. Cozzi.® 

An account of the Anglo-Persian Oil Company’s pipe-lines in Persia 
(Iran) is given by A. C. Hartley,’ and the “ Story of the Iraq—Mediter- 
ranean Pipe-Line ”’ * by the Iraq Petroleum Company is a detailed account 
of the design and construction of the pipe-lines from Kirkuk to Haifa and 
to Tripoli. This work is exceedingly well illustrated. ‘“‘ Economic 
Conditions in Lraq in August 1933 ” is the title of a pamphlet by C. Empson.* 

The oil resources of Japan are treated in a section of ‘ Ores and Industries 
in the Far East” ® published by the Council on Foreign Relations, New 
York. “ Oil for the Lamps of China” by A. T. Hobart is a descriptive 
book on Chinese oil prospects. 





“L 
deals 
indust 
and t 
to the 

Eee 
intere 

Tur 
Amer 
fourtl 
and il 
marke 
articl 

The 
gress 
issues 
to in 
distill 

Vel 
of co 
rubbe 
Scien 

“C 
a con 
proof 
usefu 
N. A 
refere 

Pre 
and § 
by kr 

An 
durin 
der 
sumn 
publi 
and ¢ 

Th 
held 
fuels, 

Th 
of Pe 
conn 


Als 


Th 
The 


“ De 


blished 
revious 
on and 
uch as 
sset to 
omain, 
leriva- 
erable 
itmost 


t used 
reater 
in the 


terest 
S well 
non- 


eum 
‘ulars 


nd of 


mn on 
le en 


Iffice 


also 
ption 
rolio 


ersia 
liter- 
ount 
and 
ymiuc 
on ° 
tries 
New 


itive 





PETROLEUM LITERATURE, 1934. 547 


“L’Industrie Pétrolifére aux Etats-Unis” by L. Miramon-Pesteils 
deals with American interests in petroleum. The book describes the 
industry itself, conservation policies and their relations to world output 
and the Roosevelt programme of economic restoration and its relation 
to the petroleum industry. 

Economic conditions in other countries and other publications of general 
interest are quoted in the bibliography.'**7 

Turning to the more technical publications, the Proceedings of the 
American Petroleum Institute’s fourteenth annual meeting and of the 
fourth mid-year meeting held in May 1934 ** exhibit their usual concise 
and instructive papers; section one deals with general, section two with 
marketing, section three with refining and section four with production 
articles. 

The “ Annual Reports of the Society of Chemical Industry on the Pro- 
gress of Applied Chemistry for 1933 ” * follows the lines of its previous 
issues, and gives a valuable summary of the progress of science as applied 
to industrial problems. Sections on mineral oils, fuel, gas, destructive 
distillation of tar and tar products and on oils, fats and waxes are included. 

Very interesting articles on the production of oil from coal and tar, 
of coal hydrogenation and the possibility of obtaining motor spirit from 
rubber, are given in the Report of the Fuel Research Board (Dept. of 
Scientific and Industrial Research) for the year ended 3lst March, 1934.“ 

‘ Chemical Formulary,” Volume One,*! edited by H. Bennet, contains 
a condensed collection of data on petroleum derivatives, emulsions, fire- 
proofing fuels and oils, fats, greases, lubricants and cutting oils: another 
useful handbook in this connection is “‘ Handbook of Chemistry” by 
N. A. Lange.“ The latter is particularly useful to chemists, since 
references to Beilstein’s Handbook are given. 

Processes involved in refining petroleum are ably described in “ Technical 
and Scientific Encyclopaedia,” “ appearing in forty parts, and compiled 
by known authorities on the subject. 

An excellent reference book on the refining and treatment of petroleum 
during 1928-32 is ‘‘ Chemische-Technische Entwicklung auf dem Gebiete 
der Kohlenwasserstoffiéle ’” edited by M. Pfliicke.““ A comprehensive 
summary is given of literature and patent specifications on this subject 
published during this period, together with physical and chemical properties 
and analyses. 

The Transactions of the World Power Conference sectional meetings 
held in Scandinavia in 1933 *° contain sections devoted to solid and liquid 
fuels, gases and power and heat. 

The complete Proceedings of the German Institute for the Investigation 
of Petroleum held in Berlin in September 1933 * is also interesting in this 
connection. 


Also see bibliography, 47-49. 


ANALYSIS AND TESTING AND STANDARD SPECIFICATIONS. 


The A.S.T.M. publications on this subject are of paramount importance. 

The book of the 1934 Tentative Standards and its supplement ® and 

Definition of Petroleum Products,” *' together with the A.S.T.M. Pro- 
PP 
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ceedings of the thirty-sixth Annual Meeting held at Chicago, form additions 
which are indispensable to the analyst. 

Moreover, the report of the A.S.T.M. Committee D-2 on Petroleum 
Products and Lubricants * details fifty-three test methods in their latest 
forms and new tentative standards published for the gum content of gasoline 
and the separation of liquid asphaltic products. A discussion is given 
on the work of various tests for gasoline and a classification for diesel 
engine fuel oil. Tentative definitions of terms relative to petroleum and 
to materials for roads and pavements are given. 

Another publication issued by the A.S.T.M., entitled “ Significance 
of Tests of Petroleum Products,” “ deals generally with tests, and explains 
their commercial significance and their scope in the evaluation of these 
products. 

The A.P.I. publications ** mentioned in the general section must also 
be considered. 

The principles and applications of industrial standardization are reviewed 
in a book by J. Gaillard,®* in which the practical application of standardiza.- 
tion to industrial concerns is described. 

“ Analar”’ standards for laboratory chemicals issued by the B.D.H.* 
contains detailed specifications of more than 200 laboratory chemicals 
and physical and chemical properties of chemicals conforming to the new 
standard. The chemicals are now designated as “ Analar ” and the previous 
term A.R. has been displaced. 

A pamphlet by A. 8S. Smith 5’ and one by C. Anderson ** describe an 
apparatus and method for the determination of helium in natural gas. 
The revision of Lunge’s “ Technical Gas Analysis ” ® is also an asset to 
this section. 

Several research papers of considerable value in gas analysis have been 
issued by the Bureau of Standards.@*®* Gas is dealt with from the point 
of view of accurate analysis, together with the determination of its physical 
properties, in particular of the normal paraffin hydrocarbons. 

A publication of the Imperial Chemical Industries ®* will be found 
useful in water analysis. Water sterilization and chlorination methods 
and their applications are given. 

Tabulated analyses of Texas crude oils are detailed by G. Wade,® and 
of those from S. Louisiana fields by Kraemer and Garton.®* 

The question of colour standardization by means of Lovibond red glasses 
is the subject of two research papers of the Bureau of Standards.” 

Some specifications issued by the British Standards Institution during 
1934 71-79 and by the Japanese Engineering Standards Committee ™ are 
given in the bibliography. 

Also see bibliography, 49, 81-95, 96, 110, 116, 125-126, 292. 


CRUDE OI. 

There are comparatively few publications to note on this subject. Some 
interesting work is recorded in the U.S. Bureau of Mines “* on the laboratory 
oxidation of crude oils. 

Analyses of twenty-six representative crude oils from some fields of 
S. Louisiana are the subject of a pamphlet by Kraemer and Garton,®* and 
Wade ® also records results for Texas crude oils. 
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The flow of fluids in rough pipes is dealt with in a pamphlet by Fage 
in Aeronautical Research Committee Reports and Memoranda 1585.%? 
Also see bibliography, 43, 49, 116. 


GAS. 


Of considerable utility in gas technique in plant processes is Hollings’ 
“Manufacture of Gas,” Vol. I,°* which is the first of a series of books on 
gas manufacture. Modern technique of the water-gas process, of coke 
gasification and of oil-cracking are described and the importance of 
aarburetting water-gas to the British oil-trade is emphasized. Volume II, 
on gas purification, will appear next. 

Carbonization plants are also dealt with in a book by A. Meade entitled 

New Modern Gasworks Practice,” Volume I.” 

Regarding natural gas in petroleum production, several pamphlets 
issued by the Bureau of Mines should be noted: one by Lindsly ™ on 
he solubility and liberation of gas from natural oil-gas solutions, and 
mother by A. 8. Smith *’ describing a thermal conductivity apparatus 
for determining the helium content of natural gas already mentioned in 
the analytical section. Another publication dealing with helium in 
natural gas is that by C. Anderson.®* 

The petroleum and natural gas section of the Proceedings of the Third 
Pennsylvanian Mineral Industries Conference held at Pennsylvania State 
College in May 1933 3 and the Proceedings of the thirteenth Annual 
Convention of the Natural Gasoline Association of America May 1934 1 
must not be omitted from this section. 

Gas pyrolysis and the polymerization of gaseous hydrocarbons are treated 
in detail in Nash and Howes “ Motor Fuels,’’ Volume I,!?° and in Carleton 
illis’ “‘ Chemistry of Petroleum Derivatives.” ™! 

Several research papers issued by the Bureau of Standards ®® dealing 
ith accurate gas analysis and the determination of the physical properties 
if gases, especially of the normal paraffin hydrocarbons, require special 


Also see bibliography, 28, 49, 57-65, 86, 103-112, 147, 218, 228, 262-264, 


87. 


CRACKING. 


No comprehensive or general publication has appeared on this subject 
luring 1934 except a pamphlet by Hopkins and Cochrane ™* on United 
ates cracking plants, and two booklets issued by the Universal Oil 


roducts Company dealing with cracking of American crude oils.!41!5 


Also see bibliography, 49, 116, 141. 


Moror FvEL. 


Volume I of “ The Principles of Motor Fuel Preparation and Applica- 
ion” by A. W. Nash and D. A. Howes !"° is a book of considerable utility 
» every branch of the petroleum industry. It represents the results of 
ork by authors who are very well known in the petroleum world, and it 

imperative to include it in any petroleum technologist’s library. The 
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book comprises detailed descriptions of the manufacture and production 
of motor fuels by distillation, cracking, extraction from natural gas and 
hydrogenation methods. Chapters are included on the production of 
benzole and of various synthetic fuels, including alcohols, and on the 
general storage and distribution of fuels. Amplified descriptions are given 
of refinery methods, of the production of benzole and of hydrogenation 
processes. The preparation, production and utilization of alcohol fuek 
are treated both in their interest here and abroad. A section is devoted 
to synthetic fuels, this subject being treated in greater detail than in this 
session of the World Petroleum Congress 1933. Other auxiliary supplies 
of motor spirit are also described. The book is very well elaborated with 
sectional diagrams, photographs and references to literature, the latter 
being appended advantageously at the end of each chapter. The publica. 
tion of the second volume is anticipated at the time that this report goes 
to press. 

Wikner and Richardson '’ describe some aspects of benzole recovery 
and refining in a reprint of the Institute of Gas Engineers. 

Further research on the constituents of Oklahoma petroleum is given 
by Mair and Schicktanz,''* who are responsible for numerous articles of 
value on this subject. 

A pamphlet entitled “ Alcohol Gasoline Motor Fuel ”’ '* is a study of 
the comparative gains and losses to the various industries affected by the 
proposed United States law to compel the blending of alcohol with gasoline 

F. R. Banks, in his Aeronautical Reprint entitled ‘ Ethyl,” ™ gives 
some information on the use of tetraethy] lead in fuels for aviation engines, 
and includes references to the work of the Co-operative Fuel Research 
Committee and its sub-committees, and describes the use and behaviour 
of this compound in the motor fuel. 

The deterioration of fuels during storage is the subject of a report of the 
Aeronautical Research Committee by Mardles and Moss; !! the storage 
of petroleum spirit is also dealt with by Sir T. Crozier and R. A. Thomas.™ 

The reduction of evaporation losses of petroleum and gasoline, together 
with methods and equipment, is described by Schmidt in U.S. Bureau of 
Mines Bulletin 379. An information circular issued by the Bureau 
also deals with explosion and fire hazards of hydrocarbon—carbon tetra- 
chloride mixtures. A record of natural gasoline plants in the United 
States on Ist Jan., 1934, is again given by Hopkins and Seeley.™ 

Reference should be made to the motor fuel section of “ Technical and 
Scientific Encyclopaedia” “ already mentioned in the general section, 
and to the fuel section of the World Power Conference Scandinavia meeting 
1933.4° 

Also see bibliography, 1, 25, 40, 49-54, 80, 95, 102, 105, 141, 161-164 


272, 292. 


KEROSINE AND Fvet Om. 


There are no outstanding publications on kerosine or fuel oil. Reference 
should be made, however, to the testing section (A.S.T.M. and A.P.] 
publications) ** °° and also to Federal Specifications.'*** 

Also see bibliography, 25, 49, 292. 
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LUBRICATING OIL. 


Judged by the continued publication of matters pertaining to lubricating 
oil, this is still one of the foremost interests of the petroleum chemist, but 
the more theoretical aspect of the subject—namely, the theory of lubrica- 
tion and oiliness—has not received much attention in recent publications. 
More attention to the practical side of lubrication has, however, been given, 
as is shown by the additional chapters on the consumption of lubricating 
oil in the engine and on cylinder wear in engines given in the third edition 
of “ Lubricating Oils and their Significance ’’ by Southcombe.!*? 

The production of lubricating oils, particularly from coal, is the subject 
of a considerable amount of work described in the annual report of the 
Fuel Research Board for the year ended 3lst March, 1934. The hydro- 
genation of mixtures of tar and petroleum oil and the production of synthetic 
lubricants from coal products, e.g. from low-temperature tar by treatment 
with anhydrous aluminium chloride, are described. 

Attention must be directed again to the A.S.T.M. publications *-* 
mentioned under the analytical section for the development of lubricating 
oil tests, and to Section III of the A.P.I. Proceedings of the 1934 Mid- 
year Meeting,** in which solvent refining methods are of special note. 

' Reports and tests of Czechoslovakian lubricating oils “ are given in a 
pamphlet quoted in the bibliography. 

Les Idées Modernes sur les Carburants ” }** is composed of two main 
sections, one on fuels for spark ignition engines and the other on lubricants. 
In the latter, modern theories of oiliness and its measurement are dis- 
cussed, and the physical and chemical properties of lubricants and greases 
and their analyses are given. 

Reference must also be made to the section devoted to this subject in 
“Technical and Scientific Encyclopaedia.” 

The harmful effect of certain types and fractions of lubricating oils 
being the cause of cancer is given in the Manchester Committee’s report.!* 

Carleton Ellis in his ‘“ Chemistry of Petroleum Derivatives,” ! which 
is mentioned in detail in the section on the chemistry of petroleum, also 
deals with the oxidation of paraffin wax and the production of synthetic 
fats. 

Also see bibliography, 25, 45, 49, 130-134. 


ASPHALTS AND RoapD MATERIALS. 


The first two volumes of ‘‘ The Roadmakers’ Library ” edited by P. E. 
Spielmann are of outstanding importance in this section. Volume I, 
entitled ‘‘ Road-making and Administration,’ by Spielmann and Elford," 
deals with roads generally regarding their construction, maintenance, 
public relations, administration and law; Volume II, “ Testing of Bitu- 
minous Mixtures,” by D. C. Broome and R. O. Child,™* details the general 
physical characteristics of bituminous tars and oils and tests for their 
consistency, the heat resistance, the quantity of soluble bitumen and the 
preparation of samples for testing. When alternative tests are available, 
the authors have endeavoured to assess their respective merits. A chapter 
on roofing felts, by Child, is appended. 
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The design and construction of concrete roads is the subject of a book 
by R. A. B. Smith.**7 

Two American publications which are interesting in this connection 
are “Seven Years Along Connecticut Highways ” * and the “ Develop. 
ment and Use of Emulsions for Highway and Street Construction and 
Maintenance.” 

Also see bibliography, 49, 50-54, 140, 275, 288. 


SpecraL PRopvwcts. 


By far the most important book pertaining to this section is Carletop 
Ellis’ ‘‘ Chemistry of Petroleum Derivatives,” ! which will be detailed 
to a greater extent in the section dealing with the chemistry of petroleum. 
Diverse subjects, such as the conversion of olefines to alcohols including 
higher secondary and tertiary alcohols and esters, etc., pyrolysis processes 
for the production of olefinic and aromatic derivatives of petroleum, the 
production of carbon black, sulphur compounds derived from petroleum, 
the isolation of nitrogen compounds from petroleum and the manufacture 
of insecticides, are treated in great detail. 

A review of the production and properties of carbon black in 1934 in 
the United States of America is given by Hopkins and Backus.'* 

“ Varnish-making ” by Barry and Dunster ™ is an addition to the 
paint section, Barry having written several works on this subject. 

The cultivation of pyrethrum flowers for insecticides in the United 
States and biological methods of their evaluation are treated in Gnadinger’s 
book. The formation of fly sprays is described. 

Also see bibliography, 49, 77-79, 92, 145, 149-153, 283. 


CHEMISTRY OF PETROLEUM. 


The most valuable contribution to this, as in other sections, is Carleton 
Ellis’ ‘‘ Chemistry of Petroleum Derivatives.” 1 It contains a hitherto 
uncollected store of knowledge on petroleum derivatives, and it is well 
written and arranged excellently. A comprehensive review is given of 
the chemistry of petroleum derivatives as far as publication limitations 
permit. There are fifty chapters, all equally important. The following 
is a brief review of the subject matter dealt with—the thermal decom- 
position of hydrocarbon cracking processes, pyrolysis reactions to produce 
saturated and unsaturated hydrocarbons and the reaction of aluminium 
chloride on hydrocarbons are described first. The production of alcohol 
from ethylene and the reactions of acetylene to form acetaldehyde and 
vinyl esters also receive attention. The halogenation of methane and its 
homologues, of benzene and of cycloparaffins are next given. The ex- 
traction of nitrogen compounds from petroleum and the nature of sulphur 
compounds present are treated in detail. The autoxidation of petroleum 
giving rise to gum formation, oxidation from the standpoint of detonation 
and the oxidation of paraffin wax are next detailed. The manufacture 
of carbon black and insecticides is described together with analyses of 
natural gases and cracked gases. This book cannot fail to be a valuable 
reference book to all refining and chemical branches of the petroleum 
industry. 
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“The Annual Survey of American Chemistry,”’ 1933, Volume VIII,"*® 
contains a section on petroleum chemistry, together with the production 
of gaseous fuels during 1932-33. 

The oxidation of hydrogen, carbon monoxide and paraffin hydrocarbons 


using copper oxide is the subject of a paper by King and Edgcombe.'*? 
Reference must also be made to the isolation of constituents from 
Oklahoma petroleum.!!® 
Also see bibliography, 94, 116, 148-153. 


ENGINES AND Fue. Testinc IN ENGINES. 

Volume II of D. R. Pye’s “ Internal Combustion ” !* is a sequel to 
Volume I, and deals with the problem of the practical design of aero or 
other engines of high output. W. 8. Farren includes a chapter on “ Aero- 
plane and its Power Plant,” and treats the problem of lubrication with 
special reference to aero engine conditions. The principles of air-cooling 
essentials, of carburettor design and of superchargers are described. The 
two-stroke cycle engine is examined, and the claims of the diesel engine 
are considered with reference to this cycle. Such considerations as the 
effect of altitude on output, the influence on economy of cylinder tem- 
perature, of specific power, of mixture strength and supercharging receive 
special attention. 

The eighth edition of P. M. Heldt’s “‘ Automotive Engines ” }** explains 
the latest methods of automotive engine construction, and much new 
material has been added to the chapters devoted to particular parts. A 
chapter on “ Torsional Vibration and Vibration Dampers” is included, 
and the chapter dealing with the determination of bearing loads has been 
completely rewritten. 

K. J. De Juhasy in his “ Engine Indicator ” 15* describes the use of the 
indicator bearing his name. The book is of interest to all engineers who 
are concerned with variable pressures. It is well illustrated. Purchasers 
thereof receive the journal “ Instruments ”’ free for one year. 

The proceedings, papers and discussions of the National Tractor and 
Industrial Power Equipment meeting }57 deal with compression and spark 
ignition types of engines. The general fuel situation and its influence on 
design and selection of types of engines for tractors are considered. Diesel 
traction also receives attention in the Proceedings of the Institute of 
Mechanical Engineers 1933.15* 

Literature on diesel engines include a pamphlet in German ! describing 
their development and a number of papers on diesel engine fuel pumps, 
cylinder and piston-ring wear, fuel testing, oil-spray penetration together 
with reports of the discussion are given in Technical Bulletin No. 20 of 
the Proceedings of the Eighth Oil Power Conference held at the Pennsylvania 
State College.1 

The equilibrium volatility of motor fuels from the standpoint of their 
use in internal-combustion engines is the subject of a publication by 
Bridgeman,!*! and engine tests with petrol and butane by Stokes and 
Holland 1® emphasize the importance of the qualities which signify a 
good fuel. Octane values for petroleum spirit and cetene values for 
diesel fuels are treated in a pamphlet by Grebel.'® A brochure of the 
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Austrian Petroleum Institute 1 deals with the use of alcohol fuels for 
internal combustion engines. 

“Infra-red Radiation from Explosions in a Spontaneous Ignition 
Engine ” !* is the title of a report of the National Advisory Committee 
for Aeronautics. 

In the application of a cathode-ray oscillograph as an engine indicator a 
research paper issued by the Bureau of Standards 1 will be found useful, 

Aeronautical research is amplified by the addition of “ Aircraft Per. 
formance Testing ” by S. Scott '*7 and Aeronautical Research Committee 
reports. 16 

Reference must also be made to the new engineering specifications of 
the British Standards Institution.7!“ 

Also see bibliography, 49, 80, 116, 120, 169-176, 205-207. 


ENGINEERING MATERIALS: STEELS, CorROSION, MECHANICAL TESTING 
AND POWER PRODUCTION. 


A diversity of publications has appeared on these subjects, since the 
importance of metals, especially of steels and their corrosion, plays a great 
part in engineering construction such as refinery plant, pipe-lines, ete. 

“ Alloys of Iron and Tungsten ” by J. L. Gregg,!77 “ Hardness of Metals 
and its Measurement” by H. O’Neill,!7* “Elasticity, Structure and 
Strength of Materials” by C. A. P. Turner !” and the fourth edition of 
Stoughton’s “ Metallurgy of Iron and Steel” 1 require special note. 

‘The The rmodynamics of Electrical Phenomena in Metals ” by P. Bridge- 
man,8! and “ The Thermal Conduc ‘tivity of Iron and Steel at 100-500° C. 
by S. M. Shelton '* indicate the importance of physical tests for tenacity 
measurements; the latter property at low temperatures is the subject of 
a publication by G. Gruschka.1* 

The second report of the Steel Structure Research Committee,!™ 
the Journal of the Iron and Steel Institute °** and the Journal of th 
Institute of Metals, together with their metallurgical abstracts, 187 are useful 
additions to this section. 

The corrosion of steels is dealt with in Thum’s “ Book of Stainless 
Steels, Corrosion-Resisting and Heat-Resisting Chromium Alloys,” !* 
as well as in a publication by Devine, Wilhelm, and Schmidt.!* 

““ Machine Design ” by Bradford and Eaton, “‘ Kinematics of Machines ”’ 
by Guillet ** and “ Mechanical Testing” (2 volumes) by Batson and 
Hy de '** may be regarded as valuable additions dealing with the applications 
of steels. 

The increasing construction of tanks by welding instead of by riveting 
processes and the connection of pipe- -lines by the same means instead 
of by flanges are reflected in the publications by Stephenson,’ Davis, 
Mackenzie and Card 5 and Hendric :ks,1%° who deal extensively with both 
arc and oxyacetylene types of welding. 

Steam-raising units have been treated in five publications quoted in 
the bibliography.!*7-°! 

Reference should also be made to the Proceedings of the World Power 
Conference Scandinavia meeting, 1933.4 

Also see bibliography, 73-74, 202-208. 
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PETROLEUM LITERATURE, 1934. 


REFINERY PLANT. 


The most important book published in 1934 on plant technique is the 
“Design and Construction of High-Pressure Chemical Plant ”’ by H. 8. 
Tongue. It treats with detail high-pressure gas compressors, the 
design of pressure vessels and autoclaves, high-pressure pipes and fittings, 
and the selection and properties of steels suitable for service under stress 
at elevated temperatures. Photographs of the Leuna and Billingham 
plants indicate the gigantic scale of the high-pressure operations involved. 
High-pressure liquid level gauges and indicators and corrosion problems 
are omitted, whilst methanol converters receive only brief attention. A 
smaller book on chemical engineering plant design is that by Vilbrandt.*!” 

Explosion and fire hazards of hydrocarbon and carbon tetrachloride 
mixtures are dealt with in a pamphlet by Jones and Kennedy.™ 

Also see bibliography, 73-74, 116, 124, 193-196, 198-201, 211-215, 220. 


FieLD ENGINEERING. 

This section is devoted to publications on engineering in oilfield practice. 
A pamphlet by Wolfin*"® deals with the use of airplanes in mining 
petroleum operations. 

The significance of pipe-line problems with regard to the flow of petroleum 
and heat transfer is markedly shown in Towl’s “ Pipe-line Flow Factor,” 2"? 
and in “‘ Fluid Flow in Rough Pipes” by Fage.*7 The designing of pipe- 
line systems consisting of parallel lines is described by Johnson and 
Berwald,?!* and the use of graphs for the designing of piping for flexibility 


is covered in a publication by Wert, Smith, and Cope.?” 

“ Rig-building ’”’ by R. C. Paget is the first work devoted entirely 
to this subject. Methods of design and construction of wood rigs and 
derricks for cable-tool and rotary systems of deep-well drilling operations 
are described and elaborated with photographs. 

Also see bibliography, 73, 221-225. 


GEOLOGY. 


Quite a number of books and pamphlets of considerable interest to the 
geologist have appeared during 1934, many of them being regional in 
character. Of these, the symposium edited by W. E. Wrather and F. H. 
Lahee on “ Problems on Petroleum Geology ” ***—a sequel to the “ Struc- 
ture of Typical American Oilfields ’"—should be of considerable interest 
to students of petroleum geology. 

Various aspects of Canadian geology are dealt with in books such as 
“ Limestones of Canada,” 227 “ Oil and Gas in Western Canada,” 27° which 
appears in the second edition of Economic Geology Series No. 5, also the 
annual issues of Alberta oil and gas development 1934 1 and the Annual 
Report of the Department of Lands and Mines for the year ended 31st 
March, 1933, dealing with Alberta.2 Regional geology is also amplified 
by a publication under the title of “ Etudes et Observations Géologiques 
sur la Méditerrannée Occidentale,” “° while the geology of Egypt “1 and 
of British Somaliland 2° have been dealt with by Hume and Macfadyen 
respectively. Of similar nature are the professional papers and bulletins 





556 PROGRESS OF NAPHTHOLOGY, 1934. 


issued by the United States Geological Survey, references for which ap 
given in the bibliography. 

Those interested in German oils will find “* Deutsches Erdél.”’ IT Folge ™ 
instructive, especially regarding the Rhine Rift Valley and Hanoverig: 
oilfields. 

Perhaps one of the most useful issues of 1934 is that entitled “‘ Geologica 
Significance of the Regional Distribution of Oilfields.” 7 It is published 
in three volumes, the first volume covering modern developments in geology 
the second dealing with geophysics and the third with aeroplane recon. 
naissance and photography. 

An interesting paper for the geochemist is that by H. R. J. Conacher 
who has described native oil-shales of the Lothians.™* 

Those who have studied as students, Davies’ “ Introduction +t 
Paleontology ” will welcome his recent book on “ Tertiary Faunas,”’™ 
for it fulfils a long-felt want, particularly to field geologists. 

Of more regional character, however, is the paper issued by the Hokkaid 
Imperial University dealing with Cretaceous Mollusca from the Mivak 
district of Japan.*” 

Also see bibliography, 241-242. 


GEOPHYSICS. 


As would be expected from its present importance as an aid to geologica 
mapping and exploration, this subject has received considerable attentior 
during 1934 from the point of view of published works. Sir T. Holland 
deals with this subject in his “ Essential Features of a Geologica 
Survey,” * and a history of the seismic method has been given by Professor 
T. Muntrop.*“ 

Other papers issued dealing with the applications of geophysics an 
‘“‘ Applied Geophysics in the Search for Minerals,” **5 and a publicatic: 
by V. Patriciu ** dealing with new petroliferous regions discovered by 


means of applied geophysics. 
Also see bibliography, 247-249. 


Puysics APPLIED TO PETROLEUM AND PRODUCTs. 


The publications in this section concern the determination of physica 
properties of petroleum and its products. 

The utility of co-ordinate charts for obtaining vapour temperatur 
data is exemplified in two series of charts by F. E. German and O. § 
Knight.2” The first series deals with boiling points of ring compounds 


and the second with those of chain compounds. Meyers also gives a formul® 


for specific volumes of saturated vapours in a research paper issued by the 
Bureau of Standards.!” 

The application of cathode-ray tubes and their use in industry is th: 
subject of a book by M. von Ardenne and H. Knoblauch.**! 

The increasing significance of absorption spectrophotometry in analytical 
methods is described in a book entitled “‘ Practice of Absorption Spectro- 
photometry with Hilger Instruments.” *5* This subject is also treated ir 
great detail in a series of three Cantor lectures by H. Dingle.2 Another 
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publication of interest in this connection is “ Introduction to Atomic 
Spectra” by H. E. White.*™ 

The continued use of photo-electric cells is reflected in the issue of the 
second edition of ‘“ Photo-electric Cells” by N. R. Campbell and D. 
Ritchie 255 and in a research paper of the Bureau of Standards.*** 

The development of the standardization of industrial physical apparatus 
is given in the report of the National Physical Laboratory for the year 
1933.25? 

Books of interest from » thermodynamic point of view are “ Modern 
Thermodynamics by Methods of Willard Gibbs,” *°* ““ Theory of Atomic 
Collisions,” *5® and ‘“‘ Fundamentals of Chemical Thermodynamics,” 
Part [1.2 

A pamphlet dealing with improvements in distillation technique has 
been written by Schicktanz.?*! 

Other useful physical data on the normal paraffin hydrocarbons are 
described by Rossini,?® and critical solution temperatures of seventeen 
paraffinic and naphthenic hydrocarbons in sulphur dioxide are detailed 
by Leslie.2 Thermal reactions of aromatic hydrocarbons are treated in 
detail in a pamphlet by Egloff, Levinson, and Bollman.?™ 

Also see bibliography, 57, 63-64, 86, 100, 165-166, 181-183, 212, 218-219, 


265-274. 
CoaL AND Low-TEMPERATURE CARBONIZATION. 


The application of coal-tars for roofing felts and for road surfaces is 
described in Rosendahl’s “ Steinkohlenteer.” *7> A list of the known 
constituents of coal-tar is given, and filled tar and tar emulsions, together 
with “ cold tar” and tar-bitumen mixtures, are dealt with. 

The report of the Fuel Research Board ® describes investigations on 
the production of oil from coal and tar, the hydrogenation of coal and the 
production of lubricating oils from coal products. 

Two publications dealing with coal generally regarding its economic 
aspect and future are ‘“ Economic Organization of the British Coal In- 
dustry ” 27° and “ Coal in the New Era.” 277 No less important is “ Inter- 
national Coal Carbonization ” by Roberts and Jenker.*** 

tecent literature on the occurrence of gases in coals is given in a report 
by the Bureau of Mines,?” and studies in hydrogenation of certain American 
coals are described in a pamphlet by Beuschlein.*” 

Coal versus Oil for the Navy,?*! a much-discussed subject, is dealt with 
in a pamphlet by an authority on this subject. 

An interesting report on the use of coal-tar oils in internal-combustion 
engines is given by Spiers and Smith in a reprint of the Institution of Gas 
Engineers.?® 

Also see bibliography, 49, 283-286. 


PERIODICALS. 


Gas Times *8? made its appearance towards the end of 1934. It is 
published weekly and is of topical and technical interest regarding the 
utilization of gas. 

Highways and Bridges,2** incorporating Good Roads is published 
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weekly by Road Publications Ltd. It is interesting to the petroleum 
technologist from the point of view of asphalt road-making and main- 
tenance. 

A useful bibliography has been issued by the American Petroleum 
Institute *** covering the first six months of the year 1934. 

Ol und Kohle2™® which was introduced last year, has now included 
Erdol und Teer, which has now ceased separate publication commencing 
Ist January, 1935. The new title is the “ Deutsche Gesellschaft fiir 
Mineralélforschung,”’ with Professor Dr. L. Ubbelohde as “ honorary 
publisher.” 

World Survey,™' a monthly periodical published under the auspices 
of the British National Committee of the World Power Conference, made 
its appearance in April 1935. Power and Fuel Bulletin has been merged 
into this publication in a section entitled International Power and Fuel 
Bibliography. It is mentioned here since the separate publication of 
Power and Fuel Bulletin ceased with the issue for December 1934. The 
new periodical contains useful economic and statistical information, and 
the bibliography embracing British and foreign journals will prove valuable 
for reference purposes. 

There are two new publications of periodic appearance—namely, Newnes’ 
Chemistry in Commerce, and Hutchinson’s Technical and Scientific 
Encyclopedia“ The former is published in thirty-two weekly parts, 
the advisory Editor being M. D. Curwen. Volume I has now been com- 
pleted. It deals with all industrial concerns involving the practical 
application of chemistry, and describes these in such a manner that they 
are equally interesting both to the technologist and to the layman. The 
encyclopedia will be completed in forty parts, and it contains a section 
devoted to the refining of petroleum written by known authorities on the 
subject. 

The World List of Scientific Periodicals Issued During the Years 1900 
1933** may be appended to this section. It contains information on 
36,000 journals arranged alphabetically with the abbreviations, place of 
issue and the range of volumes which are to be found in the various libraries. 

The present paper does not pretend to be as comprehensive as this, but 
it is hoped that the material given will be useful to those who have little 
time to spend in searching for the relevant literature to be read. 
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Technologie und Analyse der Naphthenséuren. M. Naphthali Wissenschaftliche 
Verlages. G.m.b.H. 2.50 RM. 

Spirit Tables to be Used with Sikes A and B Hydrometers.” H.M. Stationery 


Office, London. 2s. 6d. 
Also see *, 9, 110, 116, 125-6, 292. 


Crude Oil. 


‘Bureau of Mines. R.I. 3238. Summary of Experimental Data on Laboratory 
Oxidation of Crude Oils with Particular Reference to Air Repressuring.”’ S. 5S. 
Taylor and H. M. Smith. U.S. Bureau of Mines, Washington, D.C, 

‘Fluid Flow in Rough Pipes.” A. Fage. Aeronautical Research Committee 
Reports and Memoranda. 1585. H.M. Stationery Office. 1s. 

Also see *, #, 116 








562 PROGRESS OF NAPHTHOLOGY, 1934. 
Gas, 

** Manufacture of Gas.”’ Vol. I. “‘ Water Gas.’ Edited by H. Hollings, k. 1 
Griffith, D.Phil., and H. C. Exell. Ernest Benn, London. 36s. 

** New Modern Gasworks Practice.” Vol. I. A Meade. Eyre and Spottiswoode, 
London. 50s. 

“Solubility and Liberation of Gas from Natural Oil-Gas Solutions.” B. F 
_Lindsly. U.S. Bureau of Mines Techn. Paper 554, Washington, D.C. 
“ Proceedings Natural Gas Section of 3rd Penna. Mineral Industry Conference 
_ Petroleum and Natural Gas Section.”’ Penna. State College. May 1933. 
* Proceedings Natural Gasoline Association of America.” 13th Annual Convention, 
May 1934. 

‘Natural Gas.” G. R. Hopkins and H. Backus. Statistical Appendix 

** Minerals Year Book.”’ 1932-33. U.S. Bureau of Mines, Washington, D.C. 

* Natural Gasoline” (detailed statistics). 1.1.34. G. T. Hopkins and E 
_Seeley. U.S. Bureau of Mines, 1.C. 6808, W ashington, D.C, 
‘Marketed Production of Liquefied Petroleum Gases.” 1933. U.S. Burea 
Mines, MMS. 271, Petroleum Economics Division, Washington, D.C. 

* Alberta Oil and Gas Development.” 1934. 

* Adsorption of Gases by Solids.’’ 8S. J. Gregg. Methuen & Co., Ltd., London 
2a. 6d. 

* Kinetic Theory of Gases.”” L. B. Loeb. 2nd edition. McGraw Hill Book Co., 
New York and London. $6.00. 
Gas Distribution and Utilization.”’ The Gas College, Halifax. 

‘Formula for Specific Volumes of Saturated Vapours.’’ C. H. Meyers. 
Bureau of Standards, R.P. 616. 5c. 
Gas World Year Book.”’ 1934. Faber and Childe. Benn Bros., London. 

*“ Science and Practice of Gas Supply.”” A. Col. Vol. I. 42s., Vol. IT. 42s. 

Also see 28, 49, 57-65, 86 147, 218 828 262-4 287. 


Cracking. 
‘ Petroleum Refineries, including Cracking Plants in the United States.” 1.1.34 
G. R. Hopkinsand E.W.Cochrane. U.S. Bureau of Mines, I.C. 6807, Washington, 
D.C, 


“ Cracking Mid-continent Oils. Oklahoma City Crude.” G. Egloff and E 
Nelson. Universal Oil Products Co. Gratis. 
“ Cracking-Joiner. E. Texas Crude Cracking Oil from the Van Pool.” 
Egloff and E. F. Nelson. Universal Oil Products Co. Gratis. 

Also see *, 116, 141 


Motor Fuel. 
* Principles of Motor Fuel Preparation and Application.” Vol. I. A. W. Nash 
and D. A. Howes. Chapman and Hall, London. 30s. 
7 “Some Aspects of Benzole Recovery and Refining.”” S. W. A. Wikner and B 
Richardson. Institute of Gas Engineers, London. ls. 

** Isolation of Mesitylene, Pseudocumene and Hemimellitene from an Oklahoma 
Petroleum.” B. J. Mair and 8. T. Schicktanz. U.S. Bureau of Standards, K.P 
614, Washington, D.C. 5c. 

* Alcohol Gasoline Motor Fuel.”’ General Marketing Counsellors, Inc., New York 

“Ethyl.” Aeronautical Reprint 72. F.R. Banks. Royal Aeronautical Society, 
London. 5a. 

* Deterioration of Fuels during Storage.’ E.Mardles and H. Moss. Aeronautica 
Research Committee Annual Report. 1933-4. , 

* Storage of Petroleum Spirit.’’ Late Major Sir A. Cooper-Key, revised and 
rewritten 3rd edition by Major Sir T. H. Crozier and Lt.-Col. R. A. Thomas. 
Griffin & Co., Ltd., London. 7s. 6d. 

*“* Applied Methods and Equipment for Reducing Evaporation Losses of Petroleum 
and Gasoline.”” L. Schmidt. U.S. Bureau of Mines Bulletin 379, Washington, 
DC. We. 

‘ Explosion and Fire Hazards of Hydrocarbon-Carbon Tetrachloride Mixtures. 
G. W. Jones and R. E. Kennedy. U.S. Bureau of Mines, I.C, 6805, Washington, 
D.C. 


Also see 3, 25, 40, 49-54, 80, 95, 102, 105, 141, 161-4, 272, 292, 


Kerosine and Fuel Oil. 
125 “ Mineral Seal 300° Oil (Illuminating).’’ Federal Specification VV-o0-391. 
26 « L,.T.B.0. Oil (Illuminating).’’ Federal Specification. VV-o-381. 
Also seo 25, 49, 292. 
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Lubricating Oil. 

Lubricating Oils and their Significance.’ J. E. Southcombe, German Lubri- 
cants, Ltd. 3rd edition. 2s. 6d, 
‘** Les Idées Modernes sur les Carburants; les Lubrifiants et la Lubrification.”’ M. 
Harve. Libraire Polytechnique Ch. Béranger, 15, Rue des Saints-Péres, Paris 
(6°). 50 fr. 
‘Report of Manchester Committee on Cancer, 1932-33 and 1934."’ Manchester 
Committee, 

* Dewaxing Oil by Propane.”’ Propane Dewaxing Plant at Wood River, Illinois. 
H.O. Forrest. 

Die Zollbehandlung von Fetten und Fetten Oelen von Wachsen, Harzen.”” P.M. 
Schmandt. K. Rietz, Berlin. 2 RM. 

Guide du Chauffage aux Huiles Lourdes. (Mazout).”’ 2ndedition. O. Lesourd, 
3 bis, Rue Roussel, Paris (17). 
‘Study of Boundary Lubricating Value of Mineral Oils of Different Origin.” 
M. E. Nottage. D.S.1.R. Lubrication Research Techn. Paper 2. H.M. Stationery 
Office. Od. 

Bleaching Clays.”’ P. G. Nutting. U.S. Geol. Survey. Circular 3. Super- 
intendent of Documents. Washington, D.C. 

Also se0 25, 45, 49. 


Asphalts and Road Materials. 


‘The Roadmakers’ Library.’ Edited by P. E. Spielmann. Vol. I. ‘* Road- 
making and Administration.” P. E. Spielmann and E. J. Elford. E. Arnold & 
Co., London, 25s. 

[he Roadmakers’ Library.’ Vol. II. “ Testing of Bituminous Mixtures.” 
D. C. Broome and R. O. Child. E. Arnold & Co., London. lis. 

Design and Construction of Concrete Roads.’ R. A. B. Smith. Concrete 
Publications Ltd., London. 8s. 6d. 

Seven Years Along Connecticut Highways.’ State Highway Dept. Connecticut. 
Bureau of Roadside Development, Hartford. 

Development and Use of Emulsions for Highways and Street Construction and 
Maintenance.”’ American Road Builders’ Assocn. Bulletin 40, Washington, 
D.C, 

Principles of Motor Transport.”’ F.K. Edwards. McGraw Hill Book Co., New 


York and London. $4.00. 
Also see *%, 50-4, 275, 288. 


Special Products. 


Chemistry of Petroleum Derivatives.’ Carleton Ellis. Reinhold Publishing 
Corpn., 330 West 42nd St., New York (successors to Chem, Catalog Co.). 81s. 
‘Carbon Black in 1934."". G.R. Hopkinsand H. Backus. Reprint from ‘** Minerals 
Year Book.’ U.S. Bureau of Mines, Washington, D.C. 5c. 

Varnish-Making.”” T. H. Barry and G. W. Dunster. L. Hill, Ltd., London. 
10a. 6d. 
‘Pyrethrum Flowers.” C. B. Gnadinger. National Petroleum News. 619, 
Penton Bdg., Cleveland, Ohio. $3.50. 

Agricultural Research Report for 1933 of Rothamsted Experimental Station. 
Harpenden, Herts.”” H.M. Stationery Office. 2s. 6d. 


Also see *, 116, 148-53 


Chemistry of Petroleum. 


Annual Survey of American Chemistry, 1933." Vol. VIII. National Research 
Council, edited by C. J. West. Reinhold Pub. Co., New York. $4.50. 
Oxidation of Hydrogen, Carbon Monoxide and Paraffin Hydrocarbons by Copper 
Oxide.”” D.S.1.R. Fuel Research Techn. Paper 33. J. G. King and L. J. 
Edgecombe. H.M. Stationery Office. 9d. 

‘Dictionary of Applied Chemistry. Supplementary Vol. I. (A-M).” J. F. 
Thorpe and M. A. Whiteley. Longmans, Green & Co., London. 60s. 

Organic Chemistry. Vol. I."’ V. von Richter. Edited by R. Anschiitz and 
F. Reindel. Chemistry of Aliphatic Series, newly translated and revised from 
12th German edition by E. N. Allott. Kegan Paul, London. 35s. 
* Dictionary of Organic Compounds.”’ Edited by 1.M. Heilbron. Vol,I. Abietic 
Acid—Dypnone. 105s, 
“* Organic Syntheses.” Vol. XIV. W.W. Hartan, editor-in-chief. Chapman and 
Hall, London. 10s, 6d. 


QQ 
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182“ Annual Reports of Progress of Chemistry.’ 1933. Vol. XXX. Chemical 
Society, Burlington House, London. 10s. 6d. 

183 “ Free Radicles.” General Discussion held by Faraday Society, 1933. Faraday 
Society, London. 12s. 6d, . 


Engines and Fuel Testing in Engines, 
* “Internal Combustion Engine.”’ Vol. II. ‘The Aero Engine.” D. R. Pye, 

Oxford University Press. 21s. 

5’ “Automotive Engines.”” P. M. Heldt. 8th edition. 1933. Iliffe & Sons, 

London. 30s. 

* Engine Indicator, its Design, Theory and Special Applications.” K. J. De 
Juhasy. Instruments Publishing Co., New York. $3.75. 

187 “ S.A.E. Proceedings, Papers and Discussion. National Tractor and Industrial 
Power Equipment Meeting.’”’ Milwaukee. Soc. Aut. Eng., 29, West 39th St., 
New York. $5.00. 

158 “* Proceedings Institute of Mechanical Engineers,’’ 1933. 125. 

‘se “Ein Beitrag zur Entwicklung der Compressorlosen Dieselmotoren.”’ P. 
L’Orange. Berlin, R. C. Schmidt, Lutherstrasse 14, W. 62. 3.40 RM. 

160 “* Pennsylvania State College School of Engineering. Techn. Bulletin 20. Pro. 
ceedings 8th Oil Power Conference, 1934.’’ Pa. State College. 75 c. 

161 “* Equilibrium Volatility of Motor Fuels from the Standpoint of their Use 
Internal-Combustion Engines.” 0. C. Bridgeman. 10 c. 

162 “* Comparative Engine Tests with Petrol and Butane.”’ P. H. Stokes and F. G. C. 
Holland. Air Ministry Research Committee Reports and Memoranda 1570. 
H.M., Stationery Office. 4s. 

‘Indice d’Iso-octane re les Carburants et Indice de Cetene pour les Houiles 
Combustibles.””’ M.A. Grebel. La Soc. des Ingenieurs Civil de France, 19 Rue 
Blanche (9), Paris. 

Osterreichisches Petroleum-Institut. Alkohol-Gemischkraftstoffe.”’ Verlag fir 
Fachliteratur. G.m.b.H., Vienna. 2 sch. 
“Infra-red Radiation from Explosions in a Spark Ignition Engine.’ Nat 

Adv isory Committee for Aeronautics. Report 486. Washington. 10 c. 

‘New Cathode Ray Osc wegrem™. its Applications and Study of Power Loss in 
Dielectric Materials.” F. Harris. ureau of Standards, R.P. 636. Sc 

* Aircraft Performance Teating,” 8. Scott and T. H. England. Pitman & Sons, 
London. lds. 

** Aeronautical Research Committee. Annual Report,”’ 1933-4. 
** Automobile Electrical Equipment.”’ A. P. Young and L. Griffiths. Iliffe & 
Sons, London. 15s. 
Buyers’ Guide to the Motor Industry of Great Britain.”’ Soc. of Motor Manufac. 
turers and Traders Ltd., London. Gratis. 
** Diesel Handbook.’ J. Rosbloom Techn. Publishing Co., Los Angeles, California 
“Diesel Engineering Handbook.’’ Edited by L. H. Morrison. Business of 
Journals, New York. $5.00. 

* “Institute of Marine Engineers. Transactions.” XLV. 1933-4. London. 

* “Institute of Chemical Engineers, 1933. Transactions.” Vol. XI. London 
21s. 

5 ** American Institute of Chemical Engineers, 1933. Transactions.” 


‘“* Motor Ship Reference Book.’’ Temple Press, Ltd., London, 5s. 
Also see *, 8, 116, 120, 205-7. 


Engineering Materials ; Steels, Corrosion, Mechanical Testing and Power 
Production, 

** Alloys of Iron and Tungsten.” J. L. ree. Alloys of Iron Research Mono 
graph Series. McGraw Hill Book Co., New York and London. 36s. 
‘“* Hardness of Metals and its Measurement.” H. O'Neill, Chapman and Hall, 
London. 25s. 
‘ Elasticity, Structure and Strength of Materials.” Pt. 1. C. A. P. Turner 
Minneapolis. $6.00. 
‘* Metallurgy of Iron and Steel.”’ 4th edition. B. Stoughton. 24s. 
“Thermodynamics of Electrical Phenomena in Metals.”” P. W. Bridgeman 
Macmillan & Co., New York. 16s. 
‘“* Thermal Conductivity of Iron and Steel over the Temperature Range of 100 
500° C.”” 8. M. Shelton. U.S. Bureau of Standards, R.P. 669. Washington, 
DC. 5e. 
** Zugfestigkeit von Stéhlen bei Tiefer Temperaturen.”’ G. Gruschka. Forschungs- 
heft. No. 364. Berlin, V.D.I. Verlag. G.m.b.H. 5 RM. 
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Second Report of Steel Structure Research Committee. 

Journal of the Iron and Steel Institute, 1934, Vol. 129. Edited by K. Headlam- 
Morley. London. 

Second Report of Corrosion Committee. Lron & Steel Institute, London. 


* Journal of the Institute of Metals. Edited by G.S.Scott. 1934. Vol. 54. 31s. 6d. 


. 


= 


Metallurgical Abstracts and Index to Vols. 51-53. £4. Institute of Metals, 
London. 
Book of Stainless Steels, Corrosion-resisting and Heat-resisting Chromium 
\lloys.”” Edited by E. Thum. Amer. Soc. for Steel Testing, Cleveland, Ohio. 
$5.00, 
Corrosion of Steel by Bases containing Traces of Hydrogen Sulphide, Effect of 
Pressure and Moisture Conditions.”’ J.M. Devine, C. J. Wilhelm, and L. Schmidt. 
Machine Design.”” L. J. Bradford and P. B. Eaton. 3rd edition. Chapman 
and Hall, London. J. Wiley & Sons, New York. 18s. 6d. 
Kinematics of Machines.” G. L. Guillet. 3rd edition. Chapman and Hall, 
London. J. Wiley & Sons, New York. 18s. 6d. 
Mechanical Testing Treatise.’ Vol. I. Materials of Construction. Vol. II. 
Prime Movers, Machine Structure and Engineering Apparatus. R. G. Batson 
and J. H. Hyde. Chapman and Hall, London. 
‘Welding and Allied Processes for Engineering Purposes.’ Cantor lectures. A. 
Stephenson. Royal Soc. of Arts, London, 2s. 6d. 
Designing for Are Welding.’ 2nd Lincoln Arc Welding Prize Competition Papers. 
\. F. Davis. 
Welding Encyclopaedia.” Edited by L. B. Mackenzie and H. 8. Card. 8th 
edition. Book Dept., Oil & Gas J., Tulsa, Oklahoma. $5.00. 
Oxyacetylene Welders’ Handbook."” M. 8. Hendricks. Book Dept., Oil & 
Gas J., Tulsa, Oklahoma. $2.00. 
Lancashire and Cornish Boilers."’ B.S.S. Specification 537. British Standards 
Instn., London. 2s. 
‘Embrittlement in Boilers.” Engineering Experimental Station. University of 
Illinois in Co-operation with Utilities Research Committee. F. G. Straub. 
; Engineers Power Boiler Code.”’ A.S.M.E. Section 8. A.S.M.E. 
‘ Efficient Steam Raizing.”’ Fuel Economy Monograph, 2. Federation of British 
Industries, London, 2s. 8d. 
Elements of Heat Power Engineering.”” W. N. Barnard, O. Elenwood, and 
C. F. Hirschfeld. Chapman and Hall, London. J. Wiley, New York. 34s. 
Problems in Engineering Thermodynamics and Heat Engineering.’’ C. W. Berry, 
C. L. Svenson, and H. C. Moore. Chapman and Hall, London. J. Wiley, New 
York. 7s. 6d. 
Chemistry of Engineering Materials.” KR. B. Leighou. 3rd edition. McGraw 
Hill Book Co., London and New York. 27s. 
Proceedings Staffordshire Iron and Steel Institute, 1932-3."" Vol. XLVIII. 
Edited by 8S. J. Astbury. 
‘General Engineering Handbook.’ Edited by C. E. O'Rourke. Book Dept., Oil 
& Gas J., Tulsa, Oklahoma. $4.00. 


Junior Institute of Engineers. Journal & Record of Transactions, 1933-4. Vol. 


XLIV. London. 

Kempe’s Engineers’ Year Book.” Morgan Bros. London. 3ls. 6d. 
Applied Hydraulics.” H. Addison, Chapman and Hail, London, 21s. 
Also see ™*-* 


Refinery Plant. 
Design and Construction of High-pressure Chemical Plant.”” H. 8. Tongue. 
Chapman and Hall, London. 30s, 
Chemical Engineering Plant Design.”” F.C. Vilbrandt. McGraw Hill Book Co., 
London & New York. $4.00. 
‘ Effect of Viscosity on Fuel Leakage between Lapped Plungers and Sleeves on 
Discharge from a Pump Injection System.’’ A. M. Rothrock and E, T. Marsh. 
N.A.C.A. Report 477. Washington. 10 c. 


2 « Interferometer for Recording Turbulent Flow.’”’ L. F. G. Simmons and C., 


Salter. Aeronautical Research Committee Reports and Memo 1454. 
Power Supply Economics.’’ Chapman and Hall, London. 21s. 6d, 


‘Steam Heating.” E. and F, N. Spon, Ltd., London. 7s. 6d. 


Practical Engineers’ Electric Pocket Book and Diary for 1935.’’ Edited by C. 


Arnold, Oxford University Press, London. 2s. 6d. 
Also see 7-4, 116, 124, 193-6, 198-201, 220. 
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Field Engineering. 
#16 “Use of Airplanes in Mining Petroleum Operations.” H. M. Wolfin. US 
Bureau of Mines, I.C. 6767, Washington, D.C. 

? “ The Pipe-line Flow Factor.”” F.M.Towl. 26, Broadway, New York. 
‘Formula for Designing Natural Gas Pipe-line Systems consisting of Paralle 
Lines.”’ T. W. Johnson and W. B. Berwald. U.S. Bureau of Mines, R.1. 324). 
Washington, D.C. 

Manual for the Designing of Piping for Flexibility by Use of Graphs. E. A. Wert, 
8S. Smith, and E. T. Cope. Detroit Edison Co., Detroit, U.S.A. 

“ Rig-Building.”” R.C. Paget. Williams and Norgate, Ltd., London. 10s. 6d 
“ Petroleum Production Engineering Oilfield Development.” L.C. Uren. 2 Vols 
2nd edition. McGraw Hill Book Co., London. 30s. 


or" 


“ Le Pipeline * sous les Mers de Ninive. V. Forbin. Editions Baudiniére 27, bis 
sur de Moulin-Vert, Paris (14*). 12 fr. 

““ Chemical Mgthod for Removing Mud Sheaths in Oil Wells.” H. C. Miller ani 
G. B. Shea. U.S. Bureau of Mines, R.I. 3249, Washington, D.C. 

“* Engineering Studies and Results of Treatment of Wells. Zwolle Oilfield Sabine 
Parish La.”” R. E. Heithecker. U.S. Bureau of Mines, R.I. 3251, Washington, 


**A New Multiple Permeability Apparatus.”’ -F. B. Plummer, 8. Harris, and J 

Pedigo. Techn. Publicn. 578. A.1I.M.E. 
Also see 7 
Geology. 

“ Problems on Petroleum Geology.” Sequel to “ Structure of Typical American 
Coalfields."" Symposium edited by W. E. Wrather and F. H. Lahee. Amer 
Assocn. of Petr. Geologists. T. Murby & Co. $6.00. 

‘“* Limestones of Canada.”’ M. F. Goudge. Pt. 2. Maritime Provinces. Dept 
of Mines, Canada, No. 742. 50 c. 

* Oil and Gas in Western Canada.”’ 2nd edition. Economic Geology Series No. 5 
G.S. Hume. Dept. of Mines, Ottawa. 75c. 

Alberta. Annual Report of Lands and Mines for year ended 31.3.33. 

Etudes et Observations Géologiques sur la Méditerrannée Occidentale Géologique 
des Pays Catalans. Géologie des Chaines Nord Africaines.”’ 

“ Geology of Egypt.” Vol. Il. W. F. Hume. Fundamental Pre-Cambrian 
Rocks of Egypt and the Sudan. Govt. Press, Cairo. P.T. 300. 

* ““ Geology of British Somaliland.”” Crown Agents for the Colonies. 12s. 6d. 

U.S. Geological Survey. Prof. Paper 176. Geology and Ore Deposits of Brecken 
ridge Mining District. Colorado. T. S. Lovering, Superintendent of Docu 
ments. Washington, D.C. 10c. 

U.S. Geological Survey Bulletin 857-C. Curry District, Alaska. R. Tuck, 
Superintendent of Documents. Washington, D.C. 10c. 

U.S. Geological Survey. Bulletin 857-D. Notes on Geology of Alaska Penin 
sular and Alentian Islands, 8. R. Capps, Superintendent of Documents 
Washington, D.C. 5c. 

* Deutsches Erdél.”’ II Folge. A. Moos, H. Steinbrecher, and O. Stutzer. Verlag 
von F, Enke, Stuttgart. 9.80 RM. 

* Geological Significance of Regional Distribution of Oilfields..” Vol. A. Moder 
Development in Geological Exploration. Pt. 1. Geophysics. Vol. B. Aero 
plane Reconnaissance and Photography. Pt. 2. Vol. C. Evaluation of Surface 
Evidence of Petroleum. 

* Native Hydrocarbons Associated with Oil-Shales of the Lothians.”” H. R. J 
Conacher. Trans, Edin. Geol. Soc., 13, Pt. 1. 

‘Tertiary Faunas.”” Vol. II. A. Morley Davies. T. Murby & Co., London 
L5ea. 

“Cretaceous Mollusca from the Miyako District, Houshu, Japan.” T. Naga 
J. Fac. Science. Hokkaido Imp. University. Series IV. Vol. 2, No. 3, 1934 
* Surface Clays and Shales of Ohio.’’” Ohio State University. 50c. 
‘Annotated Bibliography of Economic Geology,’ 1933. Prepared under the 
auspices of the National Research Council of America. Economic Geol. Pub 
lishing Co., issued twice a year. $5.00 per annum. 


Geophysics. 
‘ Essential Features of a Geological Survey.”’ Sir T. Holland. Trans. J.M.M.E 
Vol. 110, 1934. $5.00. 
‘ History of Seismic Method for the Investigation of Underground Formations and 
Mineral Deposits.” L. Muntrop. Seismos G.m.b.H. Hannover. 
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Applied Geophysics in the Search for Minerals.”” 2nd edition. A. 8S. Eve and 
D. A. Keys. Cambridge Univ. Press. 16s, 

Nouveaux Gisements Pétroliféres Determines a |’ Aide de la Géophysique Appli- 
quée.”” V. Patriciu. Bucharest. 

Geophysical Prospecting.” A.1.M.M.E. 1934. 29 West 39th St., New York. 
$5.00. 
‘ Torsional Vibration.”” W. A. Tuplin. Chapman and Hall, London, 21s. 
\bstracts of Current Articles on Geophysical Prospecting. F. W. Lee. U.S. 
Bureau of Mines Monthly Summaries. Washington, D.C. 1l0c. each. $1.00 
per annum. 


Physics Applied to Petroleum and Products, 


’ Line Co-ordinate Charts for Vapour Pressure Temperature Data, F.E.E.German 
I 


and O. 8. Knight. Dept. of Chemistry, Univ. of Colorado. $1.00 each. 
Cathode-Ray Tubes {Die Kathodenstrahlen und ihre Anwendung in der Schwach- 
stromtechnik).”” M. von Ardenne and H. Knoblauch. J. Springer. Berlin. 
36 RM. 

‘Practice of Absorption Spectrophotometry with Hilger Instruments.” F. 
'wyman and C. B. Allsopp. 2nd edition. 12s. 6d. 

Modern Spectroscopy."’ H. Dingle. Cantor lectures, Royal Soc. of Arts, 
London. 2s. 6d, 
‘Introduction to Atomic Spectra.”” H. E. White. McGraw Hill Book Co., 
London & New York. $5.00. 

Photo-electric Cells.’” N. R. Campbell and D. Ritchie. 3rd edition. I. Pit- 
man & Sons, London. 12s. 6d. 

Portable Ultra-violet Intensity Meter Consisting of a Balanced Amplifier Photo- 
cell and Microameter.”” W.W.Coblentzand R. Stair. U.S. Bureau of Standards, 
R.P. 647. 5c. 


* National Physical Laboratory. Research Laboratory Report for 1933. H.M. 


269 


Stationery Office. i3s. 
Modern Thermodynamics by the Methods of Willard Gibbs.”’ E. A. Guggen- 
heim. Methuen & Co., Ltd., London. 10s, 6d. 


‘Theory of Atomic Collisions.’””’ N.F. Mott and H.S. W. Massey. International 


Series of Monographs on Physics. Clarendon Press. Oxford. 17s. 6d. 
‘Fundamentals of Chemical Thermodynamics.’”” Pt. 2. J. A. V. Butler. 
Macmillan & Co., London. 8s. 6d. 

Fractionating Column Fitted with Fritted Glass Plates.” S. T. Schicktanz. 
U.S. Bureau of Standards, R.P. 651, Washington, D.C. ic. 


“ Heats of Combustion of Formation of Normal Paraffin Hydrocarbons in Gaseous 


State and Energies of their Atomic Linkages.’”’ F. Rossini. U.S. Bureau of 
Standards, R.P. 692, Washington, D.C. 5c. 


“Critical Solution of Some Hydrocarbons in Sulphur Dioxide.” R. T. Leslie. 


U.S. Bureau of Standards, R.P. 728, Washington, D.C. 5c. 

‘Thermal Reactions of Aromatic Hydrocarbons.”” G. Egloff, B. Levinson, and 
H. T. Bollman. Universal Oil Products Bklet. Gratis. 

‘ Physical Constants.” W.H. Childs. Methuen, London. 2s. 6d. 

‘ Laboratory Manual of Colloid Chemistry.”” H. N. Holmes. 3rd edition. J. 
Wiley & Sons, Inc., New York. $3.25. 

‘Introductory Colloid Chemistry.”” H. N. Holmes. J. Wiley & Sons, Inc., New 
York. $2.50. 


‘* Mechanical Dispersion of Colloids.” P. M. Travis. Reinhold Pub. Co., New 


York. $4.00. 

‘Colloid Chemistry."” A. W. Thomas. McGraw Hill Book Co., Inc., London & 
New York. $4.00. 

‘Thermostats and Temperature Regulating Instruments.” R. Griffiths. C. 
Griffin & Co., London. 10s. 

‘Faraday’s Diary.”’ Edited by T. Martin. Vols. III & IV. G. Bell & Sons, 
London. 7 vols. £12 12s. 

‘Improved Methods for Approximating Critical and Thermal Properties of Petro- 
leum Fractions.”” K. M. Watson and E. F. Nelson. Universal Oil Products 
Bklet. Gratis. 

* Heats of Combustion of Standard Sample Benzoic Acid.” R.S. Jessup and C, B. 
Green. U.S. Bureau of Standards, R.P. 721, Washington, D.C. ic. 


‘Electric Circuits and Wave Filters.”” A. T. Starr. Pitman & Sons, Ltd., 


London. 2ls. 


Also see *7 63-4, 66, 100, 165-6, 181-3, 212, 218-9. 
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in Einzelderstellungen. Edited by B. Rassow. T. Steinkopff, Dresden and 
Leipzig. 14 RM. 

‘Economic Organization of the British Coal Industry.”” A. Newman. G 
Routledge & Sons, London. 15s. 

“Coal in the New Era.”’” I. Thomas. G. P. Putnam, London. 5s. 

* International Coal Carbonization.”” J. Roberts and A. Jenker. Pitman & Sons, 
Ltd., London. 35s. 

‘Occurrence of Gases in Coals.”” R. F. Seldon. U.S. Bureau of Mines, K.] 
3233, Washington, D.C. 

* Studies in Hydrogenation of Certain American Coals.’’ W.L. Beuschlein. Uni. 
versity of Michigan, Seattle. 

* Coal Versus Oil for the Navy.’ Ad. Sir R. W. Skelton. Royal United Services 
Institute, London. 

Report on the Use of Coal-tar Oils in Internal Combustion Engines. H. M. Spiers 
and E. W. Smith. Communicn. 95. Institution of Gas Engineers, London. 
ls. 6d, 

*‘ Solid Products of the Carbonization of Coal.’’ 5S. Metropolitan Gas Co. 

“Coals for Predicting Physical Properties of Resultant By-Products.” E 
Schwartzman and others. Dept. of Mines, Ottawa. 
13th Annual Report of Secretary of Mines for year ended 31.12.33. 

26th Annual Report of H.M. Chief Inspector of Mines for year ended 31.12.33, with 
statistical appendix to both reports. H.M. Stationery Office. 3s. 6d. 

Also see * 


Pe riodicals. 


’ Gas Times. Weekly. Hallows and Slaughter, Ltd., 121, Victoria St., London, 


258. per annum; 6d, per copy. 
Highways and Bridges, incorporating Good Roads. Published weekly by Road 
Publications, Ltd., Salisbury House, London, E.C.4. 3d. per copy. 
A.P.I. Bibliography published on Sept. 20th, 1934, covering the first six months 
of 1934. Mimeographed. Dept. of Public Relations, 50, West 50th St., New 
York. 
Ol und Kohle vereinigt with Erdél und Teer, published by Union Deutsche Verlags- 
gesellschaft. Berlin. Edited by Dr. L. Ubbelohde. 
World Survey. British National Committee. World Power Conference. 36, 
Kingsway. Monthly. 42s. for 12 issues or 5s. per issue, first number appeared 
in April 1935. 
Newnes’ Chemistry in Commerce. Advisory editor M. D. Curwen. 32 weekly 
parts. ls. each. 
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STATISTICS. 


By GrorGe SELL (Member). 


CRUDE PETROLEUM. 





As far as can be estimated from the returns at present available, the 
total world’s production of crude petroleum in 1934 was 209,284,000 metric 
tons, an increase of 5-5 per cent. over the total for the preceding year. 
There is practically no change in the position of the leading producing 


countries, as shown in Table I. 


United States. 
U.S.S.R. 

Venezuela 

Rumania 

Iran : ; , 
Dutch East Indies . 
Mexico . 

Colombia 

Argentina 

Peru 

Trinidad 

British India . 

Iraq 

Poland ° 

Sakhalin 

Germany : 
Sarawak and Brunei 
Ecuador 

Egypt 

Japan 

Canada . 

France . 

Bolivia . 

Italy . ' 
Czechoslovaki« 


Taste I. 


World's Production of Crude Petroleum, 


(In thousands of metric tons.) 


1932. 


107,645 
21,496 
17,085 

7,350 
6,549 
4,898 
4,911 


tom 
6 = Or me 
~ -~1 Ot 3 Or 


180,730 


Per- 


centage 


of Total. 


SeuIIda ae 


nr 


100-0 


1933. 


21,434 


198,347 





With reference to the percentage of the 








Per- Per- 
centage 1934. centage 
of Total. | of Total. 

62-6 124,670 59-7 

10-8 24,150 11-5 

8-7 19,983 9-5 

3-7 8,473 4-0 

3-6 7,658 | 3-6 

2-7 6,000 2-9 

2-6 5,714 2-7 

0-9 2,442 1-2 

10 | 1,900 | 0-9 

0-8 1,886 | 0-9 

0-7 =| 1,514 0-7 

0-6 1,250 0-6 

1,060 
528 
450 | 
315 
300 
253 
1-3 210 1-8 
200 
182 
88 
20 
20 
18 
100-0 209,284 100-0 


world’s total production produced by each country, it should be noted that 
the United States has decreased slightly, while the U.S.8.R. and Venezuela 
have both given larger percentages. 


In all other cases the figures show 
only slight differences as compared with 1933. 
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NATURAL Gas. 


Such figures as are available for the production of natural gas are given 
in Table II, and in some cases represent only that part of the gas which js 
actually utilized. 

TABLE II. 


Production of Natural Gas. 


1931. 952. 1933 


Thousands of cubic feet. 
United States ‘ : ; 1,686,436,000 1,555,990,000 1,555,474 000 
Rumania , ; 48,842,910 51,419,625 56,280,844 
Canada ‘ : i 25,874,723 23,420,174 22,706,125 
Poland . : . 13,889,841 15,432,568 16,315,000 
Italy . ; : , 427,777 454,835 £89,910 
Hungary . ; a 20,218 a 
United Kingdom (est.) . 7,000 7.000 7.000) 
Austria ‘ . ’ 2,212 
Yugoslavia . ; 225,182 a a 
Czechoslovakia : 34,830 31,806 40,030 
France. : , 10,787 a a 
Japan : : ; 2.705.675 1,810,449 1,554,900 
Mexico . : , 9,326,495 9,068,721 


bot} 


Venezuela, b : Long tons. 

For producing gasoline 683,004 

Forfuel . . : 223,042 

For gas lift : ; 255,466 a 
Dutch East Indies ‘ 671,685 887,167 1,000,277 
U.S.S.R. ; : , ; 757,200 882,700 a 


a Information not available. 
b Part of these gases are used for more than one of the purposes shown. 


ASPHALT, 


From the figures which are given in Tables III and IV of the production 
of natural asphalt and asphalt rock in various countries, it appears that 
the production of these materials continues to decrease. In addition to 
the countries listed in the tables, it is believed that both natural asphalt and 


Taste III, 
World's Production of Natural Asphalt. 


1932. 1933. 
Long tons. 

Trinidad ‘ ‘ ; j 23,13 111,337 
Egypt (exports) . i 34,7 2,823 35,594 
United States (sales) : 

Gilsonite 

Wurtzilite 
Iraq . ° 
Venezuela. : : ; 6,626 
Cuba . . ; ‘ : 9,536 5,218 
Poland (ozokerite). , , 3: 639 
Italy ‘ ; ‘ ‘ 417 
Barbados (exports of manjak). 


a Information not available. 





United 
Italy 
France 
Germa 
Spain 
Switze 
Dutch 
Czech 
Yugos 


aspha 
than 
aspha 


Tal 
and it 
in 1% 


Unite 
* Mat 
Estor 
Fran 
Spain 
Italy 
Aust 
Geri 
Aust. 


has | 
repo 
but 1 





given 


hich Is 


OOO 
S44 
125 


inn) 


N10 


tion 
that 
1 to 
and 
















reported being very large. 
but the statistics are not available. 


less than 1 per cent. 


1931. 
United States (sales) : . 420,081 
Italy 186,786 
France 71,188 
Germany 68,270 
Spain . . . 5,054 
Switzerland (exports) . ; 15,089 
Dutch East Indies : ; 2,356 
Czechoslovakia 995 
Yugoslavia ; ‘ ‘ 24 





asphalt rock are produced in the U.S.S.R., but no details are available later 
than 1928. In that year 21,121 tons of natural asphalt, 26,731 tons of 
asphalt rock and 4,837 tons of ozokerite were produced. 


Table V gives details of the production of oil-shale in various countries, 
and it will be seen that the output of the United Kingdom increased slightly 
in 1933, although it was still below the figure for 1931. 


United Kingdom . ° ° 1,732,746 

Manchoukuo ”’ : ; ,225,429 
Estonia : : ‘ , 393,185 
France (including boghead coal) 77,113 
Spain . ° ‘ ; : 54,733 
Italy . , ‘ , : 9,236 
\ustralia ; : : 3,533 
Germany (Bavaria) : ; 411 
\ustria , ; . , 327 


Crude Petroleum.—aAs will be seen from Table VI, the quantity of petro- 
leum produced in the United States in 1934 exceeded the 1933 figures by 
All the fields showed increases in 1934 as compared 
with 1933, except the Mid-Continent field, where the yield was lower by 
nearly 3 per cent. 


STATISTICS, 


TaBie IV. 
World’s Production of Asphalt Rock. 


a Information not available. 


O1L-SHALE, 


TABLE V. 
World’s Production of Oil-Shale. 


a Information not available. 


UNITED STATES. 


1932. 


Long tons. 


280,392 
126,278 
47,018 
32,800 
6,200 
6,831 
837 

136 


125 


1932. 


Long tons. 


1,368,596 
1,390,245 
493,880 
86,582 
63,119 
7,163 
1,097 
395 

316 









193 


3. 


254,527 
48,861 
36,994 


a 
a 


5,286 
6,667 


** Manchoukuo 


1,396. 
a 
499 
a 

a 

1] 

3 

a 


1933. 


335 
141 


988 
069 
,177 
401 


213 





has been added to the list of countries producing oil-shale, the quantities 
The U.S.S.R. and China also produce oil-shale, 
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Taste VI. 


UNITED 


STATES. 


Production of Crude Petroleum. 


Field, 


Appalachian 
Lima-Indiana , ‘ 
Illinois and S.E. Indiana 
Mid-Continent 

Gulf Coast 

Rocky Mountain 
California 


Total 


1932. 


29,667 
8,004 
5,450 

493,034 
53,466 
17,410 

178,128 


85,159 


1933. 1934 
Thousands of barrels. 

27,436 

8,988 

4,967 

601,147 

76,308 

14,800 

172,010 


30,530 


175,509 


905,656 909,345 


Output of Refineries.—Refineries in the United States produced about 
4 per cent. more liquid products in 1934 than in 1933, and the details ar 


given in Table VII. 


The total output was about 882 million barrels, and 


practically all products increased in quantity. 


Motor Fuel : 
Gasoline 
Straight-run 
Cracked. 
Natural 
Benzole 


Kerosine , . : , 
Gas Oil and Distillate Fuel Oil 
Residual Fuel Oil . 
Lubricants 

Road Oil 

Still Gas * 

Other Oils 


Paraffin Wax 


Petroleum Coke 
Asphalt 


TaBLe VII. 
UNITED STATES. 
Output of Refineries. 


1932. 


195,386 
170,905 
32,390 
1,031 


399,712 


43,836 
69,467 
225,283 
22,433 
6,879 
40,905 
1,738 


458,920 


1933. 1934. 


Thousands of barrels. 


195,622 
180,623 
30,319 
1,368 


206,486 
182,433 
», 32,935 
1,600 
407,932 $23,454 
48,977 
78,920 | 
2% 7,519f 
23,775 
5,534 
45,212 
1,435 
Thousands of Ib. 
469,560 
Thousands of short tons. 
1,580 
2,320 


=>* 


53,480 
325,235 
26,264 
7,700 
44,362 
1,921 


468,720 


1,300 


2,676 


* Expressed in terms of fuel oil on a B.Th.U. basis. 


All classes of motor fuels were produced in increased quantities in 1934 
as compared with 1933, but it is to be noticed that the proportion of 
straight-run gasoline to other grades also increased. 
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Natural Gas.—In 1933, the last year for which details are available, the 
produc tion of natural gas showed little change from that of 1932, as will be 
seen from Table VIII. 






Taste VIII. 
UNITED STATES. 









Production and Consumption of Natural Gas. 


1932. 





1931. 





Millions of cubic feet. 
Production . ‘ ‘ 1,686,436 ,555,990 1,555,474 
Imports : 44 38 83 








1,686,480 1,556,028 
Exports . : 2,231 1,693 2,158 




















1,684,249 554,33: ,553,399 








Consumption 









Domestic . 294,406 298,520 — 
Commercial ; ; 86,491 87,367 J 368,774 
Industrial : 
Field , . . 571,365 529,378 494,459 
Carbon black plants ; 195,396 168,237 186,781 
Petroleum refineries 75,548 67,467 66,333 
Electric power plants 138,343 107,239 102,601 










Portland cement plants . 31,381 | 908 197 ec . 
’ , 296,12 334,451 
Other 291,319 P 















1,554,335 ,553,399 








1,684,249 


The production of carbon black from natural gas increased in 1933 to 
269,325,000 Ib. as compared with 242,700,000 Ib. in 1932, the exports being 
152,286,000 Ib. in 1933 and 100,072,000 Ib. in 1932. The total domestic 
consumption of carbon black in 1933 was 222,358,000 lb., which was 
distributed as follows : Rubber companies, 191,358,000 Ib. ; ink companies, 
18,539,000 Ib.; paint companies, 6,260,000 lb.; miscellaneous uses, 
6,201,000 Ib. 









UntTrep KInGpom. 






Imports and Exports.—According to the preliminary figures published by 
the Board of Trade (Tables LX to XIII), the total quantity of petroleum 
and its products imported into the United Kingdom in 1934 increased by 
more than 300,000,000 Imperial gallons over the final figures for 1933. 
The re-export of these imported oils increased by about 6,500,000 gallons, 
whilst the exports of home-produced petroleum products went up by more 
than 20,500,000 gallons. 

A remarkable increase is also seen in the figures for fuel oil used for 
bunkering purposes, which were greater by 107,000,000 gallons in 1934 
than in 1933. 

The position of the countries supplying crude petroleum and refined 
products to the United Kingdom is shown in Tables XII and XIII. With 
regard to crude petroleum, the method of reporting does not permit of any 















?Y, 1934. 


NAPHTHOLOC 


OF 


£6E°LEO'1F 
E89OLS‘1EF 


61L°66Z 
CLO‘SIOF 
880 ‘OCR ‘Ft 
£62°998'T 
£or‘90c's 
69F OCS 
9E0'Z8E CT 


‘F 
‘anyeA 


FOF'OTO'T 


000°69T'TeL‘z 


000° LOF‘OZ 
000°866 OLE 
000°Z0Z‘L99 
000818 ‘EET 
000°CRE EOL 
000°260°222 
OOO'ZE TLE‘ 


‘sper “dury 
“Aq URN?) 


L6L'9°6F 
96E' LLU O8F 


C66 LEE 
GLUSIE'S 
O8O°CEI'E 


N6R'ZEE ‘CT 


‘F 
‘onyRA 


ROR CEO'T 


OOO'SEL* LT EE'Z 


000°ESS*eT 
000°9F9'Z268 
000°OL6‘R¢e¢ 
000°F69'ETT 
000°F9S ‘Z0I 
000° LEZ ‘ERI 
00O*FLE'ELO'T 


“sper ‘dury 
“AqiuBN?y 


ECr'690'TF 


COP‘ LOZ‘ 185 


R6LZ6L'I 


CIS’E18'sts‘z 


GFP ELECT 
LTU‘Z0eseg 
692'SEPS6F 
OLO'OTI'LE 
PrPS0E ‘OR 
C690ZL‘91Z 
LLS'FSU'IL6 


‘ayer “dury 
“Ayuen?s 


("S}M90) XBAQ UNjRaEg 
[P30 


8}41098 1910 
TO spray 

HO ha 

[IO 88H 

'O Juynvwouqny] 
. oulsoloy 
waidg 10,04 


“FE6I “Sel “GEGT 


nN 
DN 
= 
= 


‘spnposT 87 pun wnaposjag fo sjsoduy 


PROC 


“NOGONIM GALINA 
‘NI a1TaV I, 





92°E3 OGL *LZI3 £76'C6 (*s).M0) XB AA UYgRIeg 
PFO'CI3 itd oe £92'E: + nee 30g'196°081 (esoqung) 110 190d 


‘ heal a . - 1830 
FOL 182 IF 000°090'° FS oce 6615 000°£69 Lt 9cR'O6E 15 LOU OSO ZL | L 


160°EL GEC ISLE wag yy 
‘ ‘- 10%te “e2' ZEO‘1Z 987 OLY I piet.. 
ecs‘erl 000°998'S £LE'tS 000°LES 9 669 16 Ce'ROR'F ; 110 885) 
1L€ oF a dg [1Q Buyvouqn’y 
Senn eae aes edad Zurjwor 
000°L8E°9 STFS 000 692 9 hen rane et ' QuIso10 y 
7 aa tan0nte 1*Qer s£°9L Y ‘ 
000°L81'6 10°61 000 869 61 LéL SES IST 16¢'Z + quidg 10,0]X 
00007192 SLE‘OSE 000°666 1 TP 062 Ist ° 


8 I B|BE ’ P Ss ry tury 
—_ “sTer) ‘dur . “sy7ery) dwy ni ep ‘ 

‘ {®t t ‘ ian ° ‘<yueNn 
“ont A "i queens ‘onye, Ayuuent onyBA } ut a) 


STATISTICS. 


“Etel rea in| 


‘gponpoigd Uinejo4jag paysoduy fo sj10dxa-ay 
‘NOGDNIM GALIND 
‘XN alavy 








RESS OF NAPHTHOLOGY, 1934. 


’ 


PROC 


COF‘ORF 
ELE"CeOF 


PIG'ESI 
OF9‘09z 
8E9‘0eL 
CCO'eEl 
L6E ‘FEL 


F 
onye, 


[ran 
Peru 
Mexico 


LOZ*EL 


929°666‘¢ 


000°66F ELT 


000°Z¢9'TT 
000898 ‘Fz 
000°8L0‘OI 
000°6Z¢'OT 
000°LL8‘o¢ 


‘s[@5) ‘duty 


“Aqnuene 


Jutch 
United 
British 
Other f 


= 
oe 
ee 


6F6'LII 
COF‘OIZ 
[FP 'Rt9 
802 6EI 
96F'StO 


F 
‘onye, 





Co 





EL0°FI1 6L9°ZZ1F 
968°ZL¢'9 £08 ‘OOLF 


000°L06 ‘26 6F2 


000‘0FS‘Z I LPL‘E9 
£0F ‘eg 


000‘TI8‘S1 
000°E80‘L 
000°222'6 
000‘Tez‘¢ 


‘s[ery ‘dury 


“Aijueng ‘on 


“£861 


‘8L'O Pp PIN POL J -9ULO FT fe 


‘NOGDNIM aaLINoaA 


‘IX @Ia Vv. 


Dutch W 
Iran 
United 8 
Rumanis 
Mexico 
Trinidad 





ai 


U.S.S.R. 
Dutch F 
Germany 


Belgium 

















909811 
8E0°R800'L 


6Z8"6CL ‘OL 


699°F00'E 
9FC'OCC', 
SFL‘0C6'S 

“L60 





GFL o60' FE 


‘s[@4) “duty 
‘AquENeAy 


conclusi 
althoug! 


British 
decrease 
centages 


Other . 


Domes 
the qual 


indicate 





seen tha 
centages 












(S)99) xu Ugereg 
Pextul ‘1G Jurewougny] 
[PIO], 

8}10g 10ND 
tO jong 

0 ser 
lo Bunynwouqny 
. eulsoloy 
iWaidg 10,0] 










STATISTICS. 






Tasie XII. 
UNITED KINGDOM. 
Imports of Crude Petroleum. 









Per- | Per- 





Per- 

















Country. 1932. centage 1933. centage | 1934. centage 
of Total. of Total. of Total. 
Thousands of Imperial Gallons 
Iran ‘ 232,517 | 63-1 221,870 56-5 | 215,590. | 45-2 
Peru ; : 45,035 | 12-2 74,850 19-1 a — 
Mexico ‘ ‘ 16,506 4-5 59,472 15-1 a — 
Venezuela. ‘ 32,016 8-7 17,083 4-3 3,060 0-6 
Trinidad : . 1,168 0-3 12,940 3-3 b . 
Dutch West Indies 34,47: 9-4 4,427 1+] 20,415 4-3 
United States , 2,273 0-6 1,411 0-4 a 
British Countries . . 14,337 3-0 
Other foreign : 4,514 1-2 593 0-2 223,591 46-9 
368,502 100-0 392,646 100-0 476,993 100-0 












a Included in Other foreign. 
6 Included in British Countries. 







TABLE XIII, 
UNITED KINGDOM. 
yports of Refined Products.* 







Per- Per- Per- 
Country. 1932. centage 1933. centage 1934. centage 
of Total. of Total. of Total. 






Thousands of Imperial Gallons 












Dutch West Indies 451,252 24-0 722,036 , 35°5 852,277 37-8 
Iran ‘ ; 13-7 | 346,561 17-0 | 387,165 17-2 
United States : 2,553 24-6 | 350,588 17-2 | 343,890 15-2 
Rumania. . | 226,390 | 2-1 184,712 91 | 180,339 8-0 
Mexico ° ° 147,487 7-9 151,481 7-5 170,859 7-6 
Trinidad . , 47,379 2-5 33,811 | 1-7 34,473 | 1-5 
U.S.S.R. ; ‘ 167,715 8-9 74,244 3-6 65,067 2-9 
Dutch East Indies 47,596 2-6 43,882 2-2 | 55,004 2-4 
Germany ‘ \ 3,211 | 0-2 | 2,218 0-1 2.937 0-1 
Belgium , — 957 0-1 877 | 0-1 
British Malaya. 13,513 0-7 | : 4,908 0-2 
Other . . , 55,034 2-8 123,099 6-0 155,913 6-9 








2,033,589 100-0 2,253,709 100-0 





1,880,311 100-0 













* Excluding “ Other Sorts’ in 1933 and 1934. 







conclusions being reached in reference to changes of sources of supply, 
although it should be noted that the percentage from Iran continues to 
decrease. In the case of refined products, very few changes in the per- 
centages of the various countries are observed. 

Domestic Consumption.—In Table XIV the Board of Trade figures for 
the quantities of petroleum products retained in the country are given, and 
indicate the annual requirements for the years 1930 to 1933. It will be 
seen that the amount has steadily increased since 1931, whilst the per- 
centages of the various products to the total remain fairly constant, 










1930. 
Motor Spirit 
Other Spirit 
Kerosine 
Gas Oil ‘ 
Lubricating Oil . 
Fuel and Diesel Oil > 


Total 


1931. 
Motor Spirit 
Other Spirit 
Kerosine 
Gas Oil ‘ 
Lubricating Oil . 
Fuel and Diesel Oil } 


Total 


Motor Spirit 
Other Spirit 
Kerosine 

Gas Oil . 
Lubricating Oil . 


Fuel and Diesel Oil > . 


Total 


1933. 
Motor Spirit 
Other Spirit 
Kerosine 
Gas Oil , 
Lubricating Oil . 
Fuel and Diesel Oil 


Total 


PROGRESS 


OF NAPHTHOLOGY, 


TaBLe XIV. 


UNITED KINGDOM. 


Retained Imports and Home Production of Petroleum and its Products. 


1934. 


| Retained 


Retained | 
Imports. 


| Home 
Production. 


Per. 
centage 


Total. 


996: 
20: 
224-6 
95- 

98-7 


559-$ 


1995. 


1044-8 
16 
184-{ 
119 
86-2 
554A 


100-0 


a As the home production figures do not include lubricating oils produced from 
imported lubricants by blending, it is not possible to differentiate. 


6 Including bunkers for steamers and fishing vessels. 


except in the case of kerosine and gas oil. 
since 1931, while the latter has risen. 

In conclusion, the Author is indebted to various official statistical 
publications from which the figures in this article have been mainly 
compiled. 


The former has been decreasing 





